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Visual Anxiolytics is a novel term proposed to describe affective visualizations of which affective 
quality is predetermined and designed to alleviate anxiety and anxious pathology. This thesis pre-
sents ground theory and visual guidelines to inform the design of screen-based interfaces to give 
users aspects of a restorative and anxiolytic environment at a time when attention restoration is 
least likely and anxiety highly probable; during sedentary screen-time. Visual Anxiolytics are intro-
duced as an affective layer of the interface capable of communicating affect through aesthetic, ab-
stract, ambient emotion visualizations existing in the periphery of the screen and users’ vision. Their 
theory is brought into the field of Visual Communication Design from a number of disciplines; pri-
marily Affective Computing, Human-Computer Interaction, Psychology, and Neuroscience. Visual 
Anxiolytics attempt to alleviate anxiety through restoration of attentional cognitive resources by 
rendering the digital environment restorative and by elicitation of positive emotions through affect 
communication. Design guidelines analyse and describe properties of anxiolytic affective visual at-
tributes color, shape, motion, and visual depth, as well as compositional characteristics of Visual 
Anxiolytics. Potential implications for future research in emotion visualization and affect commu-
nication are discussed. 
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Abstract
1
Visual Anxiolytics is a novel term proposed to describe affective visualizations of which affective 
quality is predetermined and designed to alleviate anxiety and anxious pathology. This thesis 
presents ground theory and visual guidelines to inform the design of screen-based interfaces to 
give users aspects of a restorative and anxiolytic environment at a time when attention resto-
ration is least likely and anxiety highly probable; during sedentary screen-time. Visual Anxiolyt-
ics are introduced as an affective layer of the interface capable of communicating affect through 
aesthetic, abstract, ambient emotion visualizations existing in the periphery of the screen and 
users’ vision. Their theory is brought into the field of Visual Communication Design from a 
number of disciplines; primarily Affective Computing, Human-Computer Interaction, Psychol-
ogy, and Neuroscience. Visual Anxiolytics attempt to alleviate anxiety through restoration of 
attentional cognitive resources by rendering the digital environment restorative and by elicita-
tion of positive emotions through affect communication. Design guidelines analyse and describe 
properties of anxiolytic affective visual attributes color, shape, motion, and visual depth, as well 
as compositional characteristics of Visual Anxiolytics. Potential implications for future research 
in emotion visualization and affect communication are discussed.
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Chapter 1
Introduction
1.1 Anxiety & Interfaces
According to the World Health Organization (2001, 2011) affect regulation disorders, such as 
depression and anxiety, are expected to become the leading cause of disease burden among 
adolescents by 2020 and adults by 2030. Recent statistical data seems to confirm those predic-
tions; for instance, British National Health Service (NHS) reported an increase of nearly 30% in 
hospital admissions for stress and anxiety between 2007-2017 (Barr 2019). Furthermore, accord-
ing to Pew Research (2019), depression and anxiety top the list of difficulties experienced by US 
teenagers, with 70% of them rating affect regulation disorders as “a major problem” among their 
peers. While global change of this magnitude obviously is in no way a homogenous phenomena, 
the technology-driven transformation of lifestyle in the information age is likely to be a factor.
Work and entertainment in the 21st century high-income economies is primarily screen-based 
and stationary. Multiple studies have found a correlation between sedentary lifestyle, screen-time, 
and disorders of affect regulation among adults (e.g., de Wit et al. 2011, Sanchez-Villegas et al. 
2008, Rebar et al. 2014) and youth (e.g., in China: Cao et al. 2011, in Canada: Maras et al. 2015). 
However, due to the novelty of the problem, only “moderate evidence” exists for the significance 
of those relationships and further research is needed to establish the consensus (Teychenne et 
al. 2015). For instance, a large scale study by Orben and Przybylski (2019) found a correlation 
between screen-time and well-being among teenagers to be negative but miniscule. Nevertheless, 
despite the relative lack of conclusive findings, available data and literature clearly show that the 
time spent in front of the screen, for better or worse, influences affective states of individuals. The 
question is, however, how what we see on the screen contributes to the way we feel?
Regardless of its sophistication, the digital environment users encounter on the screen is primar-
ily visual. The preference of humans for visual interfaces is not arbitrary; aside from sound, it 
is sight that dominates human perception (Reeves and Nass 2000). Hence, using computers is 
almost synonymous with the use of visual interfaces; although backed by code, what the user sees 
on the screen is pure visual communication. As long as they facilitate the ease of use, the back-
ground processes responsible for the front-end mechanics of the user interface (UI) are irrelevant 
from the point of view of most individuals. Aside from hardware, the interface is what we see the 
computers/phones/tablets to be and, therefore, it is the primary visual stimuli determining the 
affective properties of the screen-based experience:
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There is no such thing as a neutral interface. Any design will 
elicit emotions from users, or convey emotions from its designer, 
whether or not the designer intends this or is even conscious of 
it. Interfaces can be designed for neutrality, but the effect is not 
neutral in the sense that it allows emotions to be neglected; instead 
it is a choice with its own implications.   (Gaver 1999, p. 51)
The affective properties of computer interfaces are becoming proportionally more important with 
the increase of the daily screen-time estimates in the West; reaching 9h in the United Kingdom 
(Ofcom 2019) and 10h in the United States (Lauricella et al. 2016, Howard 2016). Designers, there-
fore, find themselves in an increasingly more powerful and unique position. By determining the 
visual properties of the digital environment, UI designers have the ability to guide users’ affect for 
hours at a time and, as a consequence, influence their psychophysiological states through partic-
ular UI design choices. Consequently, the issues of psychological well-being, affect regulation, 
and anxiety are not at all separate from their work.
1.2 Affective Interfaces
In the field of user interface design the term responsive is used to describe interfaces capable 
of seamlessly adapting their visual features according to the device type, screen (window) size, 
orientation, and position. In other words, responsiveness characterises the adaptive nature of 
interfaces and their ability to maintain the intended user-experience across multi-platform use; 
they can adapt to the changes of the computer device hardware and format changes imposed by 
users. However, it is not only the type or positioning of a device that changes its user experiences. 
Interfaces mediate the interaction between humans and computers, and their responsive nature 
thus far accounts only for the changes that the computer side of the relationship sustains. Hence, 
the question can be posed; could/should user interfaces also adapt to the changes within the user?
While the way users interact with interfaces is moderated by multiple factors, an often neglected 
variable is the influence of emotional states on interaction. A happy user will conduct his/her 
on-screen activities differently than an angry one, for instance; human behaviour is largely influ-
enced by emotions, hence, the affective states of users have a direct impact on the way interfaces 
are used by them (Norman 2004). The responsive interface accounting for the human part of the 
bi-directional HCI relationship, therefore, should somehow accommodate different emotional 
states of the users, and perhaps even guide their affective states in order to provide optimal 
user-experiences (which subsequently can aid performance). Interfaces which aim to communi-
cate affect to the user can be defined as affective interfaces (Lisetti and Nasoz 2002).
1.3 Defining Visual Anxiolytics
The term anxiolytic is commonly used to describe drugs or actions that alleviate anxiety (Young-
son 2005). Therefore, at its most basic and literal, a Visual Anxiolytic can be understood simply as 
a visual or a visual experience that alleviates anxiety. Although correct, such definition remains 
too vague and has to be further grounded in the field of Visual Communication Design (VCD). 
In order to explain the meaning of the titular term proposed in this thesis, an introduction of 
a broader terminology is necessary. The theoretical VCD framework of Visual Anxiolytics is 
mainly informed by the fields of Human-Computer interaction (HCI), Neuroscience, Psychol-
ogy, and Product Design.
Feng et al. (2017) use the term affective visualization to describe “principled use of visual elements 
to change the affective nature of a [screen-based] presentation” (p. 205). The aim of the affective 
visualization is to influence the emotions and feelings of the observer through visual stimuli. 
Such ability of stimuli to evoke affective responses has been defined by Russell (2003) as their 
affective quality. The affective quality of a visual experience determines the emotional reaction 
to that experience and subsequently the way the observer feels or even behaves. If “principled use 
of visual elements” in the definition by Feng et al. (2017) can be simply understood as informed 
visual design, it means that the affective quality of an affective visualization is a property that can 
be designed. When laying out a web interface, for instance, a number of elements are combined 
for usability, accessibility, and aesthetic effect; similarly, when designing an affective visualization 
a number of visual attributes can be assembled in such a manner as to communicate a particular 
affect. The design process concerned with the affective quality of the artifacts has been defined 
as emotion-driven design (Desmet and Hekkert 2009) or emotional design (Norman 2004).
Visual Anxiolytics, therefore, are a specific genre of affective visualizations, the affective quality 
of which is predetermined and designed to inhibit anxiety and anxious pathology. The sum of 
all their visual elements — color, shape, motion, etc. — communicates an overall impression to 
the viewer that elicits an affective reaction and has an anxiolytic effect. Within the scope of this 
thesis, Visual Anxiolytics are considered as purely visual experiences, devoid of any auditory or 
other sensory stimuli, interactive components, and real-time biofeedback/neurofeedback.
10 11
1.4 Research Questions
While it is very likely that many existing visual experiences have measurable anxiolytic proper-
ties, however, the proposed definition of Visual Anxiolytics here considers them exclusively to 
be purposefully designed and dedicated anxiolytic visual experiences. Furthermore, although 
the definition of Visual Anxiolytics does not directly imply their application, the focus of this 
thesis is the use of Visual Anxiolytics as complementary to, or integrated with, user interfaces. 
The latter literature review, presented later in this thesis, will attempt to further characterize and 
define Visual Anxiolytics and answer the following questions:
(Q. 1)  What is a Visual Anxiolytic?
(Q.	1.1)		 Can	a	visual	have	anxiolytic	properties?
(Q.	1.2)		How	can	a	visual	interfere	with	anxious	pathology?
(Q.	1.3)	 Is	the	anxiolytic	affective	quality	of	a	visual	interface	a	property
 that	can	be	designed?
(Q. 2) What kind of visualization is a Visual Anxiolytic?
(Q.	2.1)	 What	are	the	visual	attributes	influencing	the	affective	quality	of	a	visual?
(Q.	2.2)	 How	can	a	Visual	Anxiolytic	complement	or	be	a	part	of	the	user	interface?
1.5 Contents and Objectives
This thesis attempts to taxonomize Visual Anxiolytics, to create a theoretical base explaining 
their properties, and to develop a set of design guidelines informing their final visual form and 
implementation. It begins with an introduction of the problem: anxious pathology. Subsequently, 
psychological term affect is introduced along with its dimensions and methods of measurement. 
Later, a number of theories related to visual perception, attention restoration, and positive emotion 
are outlined. With ways of eliciting anxiolytic affect discussed, related work is introduced in the 
fields of Affective Computing, Human-Computer Interaction, Psychology, Neuroscience, Data 
Visualization and Product Design. Finally, visual attributes determining the affective quality of 
visual experiences are discussed and analysed in depth. Finally, design guidelines, primary find-
ings, study limitations, and future work are discussed.
1.6 Research Methods
As a novel term, Visual Anxiolytics does not have either a theoretical base or design guidelines. 
Hence, in order to lay a solid theoretical background, and ground its definition in scientific 
research, this thesis introduces and combines knowledge from literature sourced from various 
fields and attempts to bring it into the field of Visual Communication Design. Majority of the 
thesis is focused on reviewing the available literature and connecting the seemingly distant areas 
of study. Gathered knowledge is synthesized to create ground theory and design guidelines for 
Visual Anxiolytics, with their implementation being the only remaining speculative, and yet to 
be fully explored, part.
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Chapter 2
Anxiety
2.1 Anxious Pathology
As an emotion, anxiety is a multifaceted construct that at its core can be split into two levels: 
psychological and physiological. The psychological dimension of anxiety manifests as worry and 
the physiological dimension as arousal (Nietschke et al. 2001). An individual in an anxious state 
can experience feelings of tension, compulsive worrying, as well as a number of measurable/
observable physiological changes: e.g., high blood pressure, rapid heartbeat, dizziness (Nietschke 
et al. 2001). Anxiety is not always pathological, in fact, it is a normal reaction of an organism to a 
stressor and is triggered involuntarily by the autonomic nervous system and its subordinate fight-
or-flight response. To aid survival when a potential threat is detected, fight-or-flight prepares an 
individual to either confront the threat or flee. 
Pathological anxiety is that which is triggered without the presence of an immediate threat and 
is characterized by uncontrollable worrying and arousal which persist for long periods of time 
(APA 2013). Anxiety in that form can be detrimental to basic areas of human functioning, as it 
significantly depletes cognitive resources, impairs the ability to focus, causes fatigue, restlessness, 
irritability, and can lead to panic attacks (APA 2013). Some of the anxiety-related disorders of 
affect regulation include General Anxiety Disorder (GAD), Panic Disorder, phobia-related disor-
ders (e.g., Social Anxiety Disorder), as well as their combinations.
2.2 Anxiety, Attention, and Working Memory
The psychological dimension of anxiety, worry, can be described as an irrelevant thought that acts 
as a mental distraction. Worry takes primarily a verbal form (Borkovec 1994) as well as that of 
mental images (Beck et al. 1974), and, consequently, equally affects the verbal and visual working 
memory, making it a dimension most detrimental to working memory capacity (WMC) (Moran 
2016). Overloaded WMC is a cognitive deficit which diminishes mental bandwidth, depletes 
attentional resources, causes mental fatigue, and amplifies arousal.
The physiological reaction triggered by anxiety is equally relevant in the way it further affects 
cognitive processes. In his meta-analysis, Moran (2016) noted that the distinct feature of anxi-
ety-triggered arousal is that it “is difficult to downregulate as it aids in the survival of an organ-
ism by preparing the organism to deal with potential threats” (2016, p. 833). Overwhelming in 
its nature, the physiological dimension of anxiety can further cripple WMC by negatively influ-
encing the storage of spatial information (Moran 2016). The all-encompassing effect of anxiety 
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on working memory and cognition at large, more often than not, means that anxiety wins the 
competition for the attentional resources with the task-relevant processes.
 
Anxious individuals may find it more difficult to inhibit intrusive thoughts and can suffer from 
negative interpretation biases, both of which contribute to anxious pathology (Moriya and Sugi-
ura 2012). Furthermore, anxiety negatively affects the ability of the brain to filter out irrelevant 
information from accessing the working memory, which consequently leads to the decreased 
ability of the individual to maintain relevant information (Moran 2016). Consequently, anxiety 
impairs the effective allocation of attentional resources, meaning that it impairs individuals’ 
capacity to choose what they pay attention to, and what they ignore. As a result, anxious indi-
viduals might have a tendency to perceive their environment as far less predictable and largely 
uncontrollable (Archer 1979).
 
The distinct nature of depleted WMC is that it can be simultaneously a cause and a symptom of 
anxiety; on one hand, anxiety is detrimental to WMC, and on the other, restricted mental band-
width and cognitive deficits can be causal factors for the development of anxious pathology (Fig. 
1) (Moran 2016). Since a particular Visual Anxiolytic has to approach the alleviation of anxiety 
from a certain angle, this self-propelling perpetual loop is, therefore, a good initial target. When 
aimed at the restoration of directed attention and WMC, a potential Visual Anxiolytic might be 
an asset in reclaiming control over attention, increasing mental bandwidth, and limiting nega-
tive interpretation biases.
2.3 Anxiolytic Methods
Anxiety management strategies can include controlled breathing, progressive muscle relaxation, 
meditation, or other mindfulness practices. Several new media interventions exist which support 
those practices through technological enhancement; for example Pause (2015), Headspace (2012), 
and Deep (2014). Psychotherapy is the most common psychological treatment for anxiety, with 
Cognitive Behaviour Therapy (CBT) considered as one of the most effective ways of battling anxi-
ety through challenging one’s beliefs, attitudes, and behaviour. In the long term, such anxiolytic 
interventions can lead not only to the alleviation of symptoms but anxious pathology altogether. 
In certain instances, medical anxiolytic/antipanic drug-based interventions are necessary.
An array of less conventional visual stimulation based anxiolytic methods have been found 
to alleviate anxious states; for instance: light therapy, art therapy, interactive neurofeedback/
biofeedback, and exposure to nature or natural imagery. Furthermore, a number of design prop-
erties of the immediate environment have been shown to significantly influence well-being. For 
instance, design properties of interior spaces, such as availability of window views, presence of 
indoor plants, and color scheme can contribute to the alleviation of anxiety and improvement 
of individual’s cognition in offices, prisons, hospitals, and other spaces (e.g., Chang and Chen 
2005, Graham 1998). These applications prove that a visual channel can be utilized to intention-
ally modify mood or emotion through visual communication, and that certain alterations to our 
surroundings can contribute to the anxiolytic affect of the environment. 
Fig. 1   Relationship of anxiety and working memory from Moran (2016)
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Chapter 3
Affect
3.1 Defining Affect, Feelings, Emotions, and Moods
… everything you do has both a cognitive and an affective compo-
nent—cognitive to assign meaning, affective to assign value. You 
cannot escape affect: it is always there. More important, the affec-
tive state, whether positive or negative affect, changes how we think.
(Norman 2004, p. 25)
Human affective system has one sole responsibility: to judge and evaluate the affective quality of 
the environment. In other words, to subjectively determine the inherent goodness (or badness) 
of the surroundings, their compliance or interference with the individual’s well-being (survival), 
and assign them a particular value. Although the process of assigning affective properties can 
either be conscious or subconscious, however, considering the overwhelming amount of stimuli 
that constitutes the surrounding environment, the majority of affective judgements are conducted 
automatically unbeknown to us. Affect is a combination of emotions and feelings, and on its 
own is completely independent of conscious thought (Norman 2004). The “conscious experi-
ence of affect” is defined by Norman (2004, p.11) as emotion, which is an affective response to an 
experience measurable in both physiological and psychological dimensions, whereas feeling is a 
subjective mental reaction to a sustained emotion (APA 2009, Dolan 2002). An emotional state 
that is persistent through an indefinite (but longer) period of time is known as mood (APA 2009, 
Norman 2004).
3.2 Emotion Dimensions and Models of Affect
The study of emotional effects of a visual stimuli and their affective quality demands a frame-
work for an effective way of assessing emotional states the stimuli evokes. Mehrabian and Russell 
(1974) proposed a PAD model of affect which plots affective states across three dimensions: valence 
(pleasure), arousal, and dominance. Additionally, PAD ascribes every emotion dimension with 
two polar values at both ends of the affective scale. Valence evaluates the perceived goodness 
of the stimuli, and can either be positive or negative. Arousal is the measure of the intensity of 
the stimuli, and is dichotomized between exciting or calm. Dominance is an assessment of the 
potency (strength) of the stimuli, which can either be rated as dominant (aggressive) or submis-
sive. In their study of color and affect, Valdez and Mehrabian (1994) summarize relevant PAD 
model studies and detail eight groups of emotion categories (Fig. 2).
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All three basic emotion dimensions individually, as well as their intersections, inform the affective 
quality of the stimuli. Therefore, in order to design affective visual experiences with a predeter-
mined emotional effect, their forming visual attributes need to be individually analyzed across 
the PAD model. It is worth noting, however, that since in available literature the emotion dimen-
sion dominance is less frequently tested for, in most cases the analysis of the affective properties 
of visual stimuli is based purely on their valence and arousal ratings.
A two-variable alternative to PAD model was proposed by Russell (1980). His circumplex model 
of core affect theorizes that valence and arousal, plotted over horizontal and vertical axis respec-
tively, combine to create core affect; “a [state] experienced as simply feeling good or bad, ener-
gized or enervated” (Russell 2003, p. 145). The core affect, therefore, can be positioned within the 
two-dimensional circumplex (like the Cartesian coordinate system). The center of the circum-
plex is indicative of the neutral core affect and its edge of extreme core affect. Russell’s model 
has been simplified and adapted for the study of affective responses in product interaction by 
Desmet (2008) (Fig. 3).
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Fig. 2   Groups of emotion categories from Valdez and Mehrabian (1994, p. 395)
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Fig. 3   Circumplex model of core affect with product related emotions (Desmet 2008 from Russel 1980) 
Emotion dimensions of visual stimuli are primarily researched through self-rating of the partic-
ipants states. For instance, relatively reliable data can be gathered by using the academically 
preferred SAM (Self-Assessment Manikin) Scale which “is a non-verbal pictorial assessment tech-
nique that directly measures . . . person’s affective reaction to a wide variety of stimuli” (Bradley 
and Lang 1994, p. 49) (Appendix 1). Emotion dimensions valence and dominance can almost 
exclusively be determined through subjective self-rating process, while arousal allows for more 
objective scientific inquiry (Schachter and Singer 1962). Stimuli-induced psychological and 
physiological arousal can also be effectively tracked through the measurement of heart-rate (e.g., 
Detenber et al. 1998), skin conductance response (SCR) (e.g., Wilms and Oberfeld 2018), and MRI 
observation of amygdala activation (e.g., Bar and Neta 2007). Research in Affective Computing 
conducted by Picard et al. (2001), however, showed that when supported with proper algorithms, 
physiological measurements can help to distinguish even up to eight specific emotions.
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3.3 Limitations of Visual Stimuli Affect Research
Emotional response of an individual to visual stimuli is highly influenced by personal prefer-
ences and is largely unique, therefore, reliable and objective data of affective properties of visual 
stimuli is difficult to gather. Multiple variables can influence self-rated and even physiological 
response; for example: sex, age, health, mood, distinct personality traits, situational context, 
familiarity/novelty, cultural background, stimuli displaying method, and so on. It is important 
to mention, therefore, that in case of affective responses to visual stimuli, more often than not, 
available knowledge is that of approximations and averages rather than universal truths; “affect, 
like weather, is hard to measure; and like weather, it probably cannot be predicted with perfect 
reliability” (Picard 2003, p. 58). Nevertheless, the number of replicated scientific inquiries into 
visual attributes shape, color, and motion is substantial enough for the findings from the litera-
ture review to be considered as definitive (unless stated otherwise). Finally, an array of conclusive 
meta-analysis studies covering the affective properties of basic visual attributes and aesthetics 
preferences are in existence (e.g., Elliot and Maier 2014, Palmer et al. 2013).
Most of the affect studies on visual stimuli are conducted in controlled laboratory settings, on 
isolated context-free stimuli. Very few cases of applied research exist, with even less cases avail-
able specifically in the field of Visual Communication Design. While applied research in affec-
tive visual stimuli is more prevalent in the field of Human-Computer Interaction, affective visual 
stimuli is usually considered as secondary/complementary to interaction, and therefore is not 
explored in depth. Furthermore, some applied studies aim to solve affective visual design issues 
through common knowledge, aesthetic preferences, or instincts, rather than research inquiry 
into the affective properties of the visual attributes they utilize (e.g., Cheng et al. 2016). It is not 
to say that such approaches are entirely wrong or their design outcomes are bad, but rather, they 
do not treat the visual communication design aspects of affect with enough scrutiny as to be 
considered scientifically valid.
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Chapter 4
Eliciting Anxiolytic
Effect and Cognitive 
Restoration
4.1 Relaxation Response
The counter-measure to the fight-or-flight response was studied by a medical doctor Herbert 
Benson (1997), who called it the Relaxation Response (RR). RR is triggered automatically by the 
parasympathetic nervous system when a significant amount of stress is experienced (Benson 
1997). Put simply, the goal of the RR is to bring mind and body to the minimal operating condi-
tions; a state of being that requires as little mental and physical effort as possible. However, 
according to Benson (1997), despite RR being an automatic response of the nervous system, it 
can also be elicited purposefully through various mindfulness techniques focused on restoring 
attentional control. 
4.2 Attention Restoration Theory
The detrimental effect of anxiety on directed attention and WMC suggests that attentional and 
cognitive resources are exhaustible. Directed attention is highly correlated with emotional func-
tioning and working memory (Jonides et al. 2008, Posner and Rothbart 2007 as cited in Berman 
et al. 2008); therefore, the ability to restore it is a primary feature of a Visual Anxiolytic. Attention 
Restoration Theory (ART) outlines the possibility for the restoration of directed attention through 
immersion in restorative environments (Kaplan 1995). Once present in an environment with a 
restorative quality, an individual is able to regain attentional control through effortless multi-sen-
sory observation. ART identifies the natural environment to be most supportive of restoration; 
when contrasted with urban landscapes, natural settings (or representations thereof) have been 
proven to elicit positive emotions, reduce stress, and improve the ability to focus (Hartig et al. 
1991, Kaplan 1995, Ulrich 1979).
Kaplan (1995) identified four primary features of a restorative environment which could serve as 
a potential framework for the development of mediated environments aimed at alleviating anxi-
ety and the restoration of calm:
 
• Being away – the environment is different from the usual everyday set-
ting; it should provide a way of escaping from a habitual behaviour (Ka-
plan 1995). However, the environment does not have to be entirely new 
to be restorative, it can simply be a familiar place viewed from a different 
perspective (Basu et al. 2018).
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• Fascination – the features and patterns of the restorative environment 
encourage effortless observation (Kaplan 1995). Fascinations present in 
the restorative environment do not require directed attention to be at-
tended to and are not mentally draining or demanding (Basu et al. 2018).
• Extent – the environment is rich enough and coherent enough to consti-
tute a whole other world (Kaplan 1995). A restorative environment makes 
an individual feel immersed, it facilitates exploration.
• Compatibility – being in the environment is effortless. In a restorative 
environment, activities are performed smoothly, without any struggle, 
and at minimum operating conditions (Kaplan 1995).
4.3 Soft Fascinations
The type of fascinations which Kaplan (1995) credits with restorative potential can be further 
categorized as soft fascinations. They are effortless to attend to, and require modest attentional 
hold, which leave enough cognitive resources for reflection. Consequently, by minimizing the 
burden on attentional resources, they allow for mental restoration and the maintenance of inner 
peace (Basu et al. 2018). Soft fascinations are not the product of the environment alone, but they 
are created in the interplay between the individual’s current state and the surrounding environ-
ment (Basu et al. 2018). To a certain extent, soft fascinations are background visual stimuli that 
aid the process of restoration and reflection. The fascinations are not required to warrant complete 
elimination of directed attention to be considered “soft”. Kaplan (1995) states that “directed atten-
tion . . . is a key ingredient in human effectiveness” (1995, p. 172) and its full elimination is rarely 
possible. Hence, the fascination simply needs to leave enough mental bandwidth to interfere with 
the psychic entropy and allow processing.
 
Effective reflection is impossible without available working memory, as internal noise diminishes 
mental bandwidth (occupies working memory) and causes mental fatigue (Basu et al. 2018). Simi-
lar to directed attention, working memory is a finite resource and can be depleted by an increase 
in mental strain. By placing low attentional demands on the brain, soft fascinations allow for an 
increase in working memory capacity (WMC) (Basu et al. 2018).
4.4 Digital Environment
Although descriptive of the natural world, ART and the properties of restorative environments 
have been equally adapted for their use in built physical environments and mediated digital 
environments (e.g., Cheng et al. 2016, de Kort et al. 2006).The word environment is surprisingly 
apt when describing UI users’ encounter on their screens. For example, Material Design, Google 
developed design language and a thought leader in the field, refers to UIs as material environ-
ments (Material Design 2020).
Interfaces which ensure maximum usability and clear delivery of information are those which are 
“inspired by the physical world and its textures” and “communicated in ways that resemble (...) 
the physical world” (Material Design 2020). In other words, usability of the computer interfaces 
is closely bound to their ability to mimic certain qualities of the physical environment; they are 
more likely to be intuitive and pleasant if their logic is based on something users already instinc-
tively know. Reeves and Nass (2000) noted that the principles of the real life interactions and 
perceptions affect the digital world directly; “if the cues available to our perceptual systems are 
close enough to those we are evolved to notice, then all of the same evaluations that we make in 
real life will be true with media as well’’ (p. 68). Since our brains and all of their systems evolved 
in the natural world, the environmental cues detailed in ART are prone to be processed the same 
way and elicit identical affective responses when adapted for the digital environment. 
4.5 Broaden-and-Build Theory of Positive Emotions
Anxious individuals are prone to experience more negative emotions due to their filtering bias 
which prioritizes potentially threatening stimuli (Archer 1979, MacLeod et al. 1986). As a result, 
their cognitive abilities are all impeded by anxious states and negative emotions they intail. Fred-
rickson (2004) suggested that the detrimental nature of negative emotion on cognition can be 
alleviated with positive emotion, and proposed a Broaden-and-Build Theory of Positive Emotions:
If negative emotions narrow the momentary thought–action reper-
toire, and positive emotions broaden this same repertoire, then posi-
tive emotions ought to function as efficient antidotes for the lingering 
effects of negative emotions. In other words, positive emotions 
might ‘correct’ or ‘undo’ the after effects of negative emotions.
(Fredrickson 2004, pp. 1370-1371)
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Broaden-and Build Theory advocates for the existence of a countermeasure to the fight-or-flight 
response (akin to Relaxation Response) in which positive emotion is able to “undo” the psycho-
physical effects of negative emotions linked to anxiety and fear (Garland et al. 2010) (Appendix 
2). Although at face value such view might be considered simplistic, multiple studies recognize 
that positive emotions have the ability to broaden general attention (Derryberry and Tucker 1994, 
Basso et al. 1996 as cited in Fredrickson 2004), visual attention (Rowe et al. 2007), and counter 
psychological as well as physiological dimensions of anxiety and stress (Folkman 2008, Norman 
2004). Moreover, positive affect weakens the threat-detecting attentional biases (Smith et al. 
2006) and, according to Aspinwall (1998), significantly influences productivity; namely, boosts 
flexibility and creativity in the thinking processes.
A study by Fredrickson et al. (2000), used a visual affective stimuli to measure the restorative 
potential of positive emotion. Visual stimuli displaying emotions of amusement and content-
ment had a significant effect on anxiety dimension arousal; namely, it aided the organism in faster 
cardiovascular recovery than visual stimuli classified as neutral or sad (Fredrickson et al. 2000). 
Although the study did not conclude what effects the visual stimuli had on the psychological 
dimension, it however, suggested that according to the Broaden-and-Build Theory a restorative 
effect should also be the case. Hence, a Visual Anxiolytic can aim not only to render the interface 
restorative in accordance with ART, but it can also facilitate attentional and cognitive restoration 
by attempting to be visually pleasing and appraised as semantically positive.
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Chapter 5
Related Work
5.1 Affective Computing
The primary goal of the research field of Affective Computing is to find new methods and technol-
ogies for bi-directional communication of affect between humans and computers (Picard 1997). 
The founder of the field, MIT’s Rosalind Picard (1997), describes the minimum requirements for 
a computerized device to be able to express emotions as having at least one “channel of communi-
cation”, namely, image, sound, or touch. With the ability to communicate affect, sensory channels 
can be utilized by an affective computer to inform the emotional states of its user:
Computers also have an opportunity to influence the mood 
of their users, negatively or positively. It is possible that a 
computer, which expressed an underlying mood, might conta-
giously transmit its mood to people.   (Picard 1997, p. 58)
Picard’s suggestion that users might be subconsciously affected by the overall “mood” of the inter-
face by now is well grounded in multiple fields. For instance, according to Norman (2004), such 
empathetic relationship and interaction with the artifacts is deeply grounded in the evolutionary 
basis for human communication. Affective stimuli is subconsciously detected independently from 
the nonaffective stimuli, and does not interfere with the primary cognitive processes:
Information presented through the “affective channel” does 
not usually demand conscious attention. Affective informa-
tion can be perceived in parallel with non affective informa-
tion, without increasing your workload.   (Picard 1997, p. 56)
Therefore, as a stimulus, a computer’s UI is likely to contain both affective and nonaffective 
features, or affective and nonaffective layers. Although according to Gaver (1999), all of the 
elements of the UI somehow contribute to its affective properties, without a question certain 
visual elements can potentially contribute more to the affect than others, and can be manipulated 
to accommodate and elicit intended affective states. Although Affective Computing is equally 
invested in both the ability of computers to read and respond to the user’s emotions, this thesis is 
concerned only with the way a computer UI can communicate and “contagiously transmit” affect 
to the user. Hence, the user’s affective state (as it would have been read by an affective computer) 
is predetermined: the user is an anxious individual.
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5.2 Restorative Interfaces
New media engage old brains, and to the extent that new inter-
actions mimic real life, then the principles that explain percep-
tion in real life can be applied straightforwardly to computers 
and other media.   (Reeves and Nass 2000, p. 68)
Moraveji and Soesanto (2012) proposed a set of ten “stress-less design heuristics” aimed to elim-
inate unnecessary stressors from user interfaces. One of the characteristic features of calm inter-
faces identified in their study is the embedding of naturally calming elements within the structure 
of the UI. Derived from the theories of calming/restorative properties of nature (Kaplan 1995, 
Ulrich 1983), such elements can include, for instance, naturalistic sounds, images, and anima-
tions (Moraveji and Soesanto 2012). 
Two independent research works by Berto et al. (2010) and Bell (2014) investigated a restorative 
potential of natural images embedded in the UI background in order to prove the hypothesis that 
“the effort of attention can be avoided if individuals can surround themselves with enough things 
that are involuntarily interesting” (Berto et al. 2010, p. 495, paraphrasing Kaplan and Kaplan 1981). 
Both studies asked users to perform cognitively demanding tasks which were layered on top of 
pictorial representations of either restorative (high fascination) or non-restorative (low fascination) 
environments. As hypothesized, in each of the experiments interfaces featuring high fascination 
restorative environments facilitated greater levels of attention restoration, improved reaction 
time, and overall more effortless performance (Berto et al. 2010, Bell 2014). Furthermore, Berto 
et al. (2010) correlated the naturalness and pleasantness (rather than level of fascination) of the 
scene with enhanced memory and immediate recall.
5.3 Limitations: Restorative Interfaces Studies
It is worth noting that most screen-based mediated environments have less restorative potential 
than natural environments. Although not very immersive, pictorial representations of nature have 
been proven to influence affective states and cognition on par to real natural settings; mediated/
designed virtual environments are less immersive, as they stimulate fewer senses, restrict inter-
action, and lack pictorial realism (de Kort et al. 2006). However, since largely depending on visual 
stimuli built out of typical visual attributes (shape, color etc.), mediated environments/experi-
ences can potentially provide users with fascinations (visual features and patterns) that encour-
age effortless peripheral observation, and can aid the attention restoration process. Furthermore, 
the fact that studies on the restorative properties of natural environments are more often carried 
out using photographic stimulation (e.g., Berman et al. 2008, Saito and Tada 2007) rather than 
in nature (e.g., Hartig et al. 1991) is of significant benefit to this thesis. Proving, therefore, that 
the two-dimensional representations and approximations of traditionally restorative (natural) 
environments possess restorative qualities, and that environments with restorative quality can 
also exist on a screen.
5.4 Aesthetic Emotion Visualization
Visual Anxiolytics have already been vaguely defined as affective visualizations - “principled 
use of visual elements to change the affective nature of a [screen-based] presentation” (Feng et 
al. 2017, p. 205). Such categorizations, however, only imply the function and basic components 
of affective visualizations, but do not necessarily inform the contents of said visualizations or 
exactly what they attempt to visualize to fulfill their function. An interesting direction in visual 
emotion communication/elicitation was proposed by Picard (1997), according to whom affective 
computers “might contagiously transmit [their] mood to people” (p. 58) by being able to express 
emotions. Therefore, a hypothetical affective interface attempting to elicit an emotional reaction 
of the user (e.g., calm) can potentially do so through emotion visualization.
Krcadinac et al. (2016) recognizes three distinct kinds of emotion visualization: pragmatic infor-
mation visualization of emotion-related data, emotion-related artistic/aesthetic visualization, and 
descriptive emoticons/emotional avatars. As far as Visual Anxiolytics are concerned, both the first 
and last category can be eliminated on the basis that they require directed attention to be inter-
preted, and would not work as visual elements capable of modifying the affective nature of a visual 
presentation based on their visual properties alone. Both emotion-related data visualizations and 
emoticons can communicate emotions, however, their ability to elicit emotional response of the 
user without contextual anchor (e.g., smile emoticon in a work-related email) is limited (Krcadi-
nac et al. 2016), and inevitably requires allocation of additional attentional resources. It is not to 
say that a user can not have an emotional response to an emoticon or interpreted data, but such 
reaction is mostly dependent on the nature of the information it complements (e.g., emoticon 
determining the tone of an email, bio data insinuating health status).
The definition of artistic/aesthetic visualizations proposed by Ramirez Gaviria (2008) states that 
“aesthetic information visualizations are more concerned with presenting a subjective impres-
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sion of a dataset by eliciting a visceral or emotive response from the user . . . opt for a design that 
highlights sensual and visual appeal . . . [and] are not generic but specific in form and intent” 
(pp. 479, 480, 482). Since the primary aim of a Visual Anxiolytic is to elicit a subjective emotional 
response through intentional visual stimulation and purely through their visual attributes, 
rather than present information in a pragmatic manner, they can be categorized as artistic/
aesthetic visualizations. However, considering their potential positive impact on cognition and 
mental bandwidth, a general definition of visualization suggested by Card et al. (1999), “the use 
of computer-supported, interactive, visual representations of abstract data to amplify cognition” 
(p. 7), is also fitting if the visuals of the anxiolytics were to be directly tied to the user’s real-time 
bio/neurodata and their effect can be proven to influence cognition.
A number of studies attempted to visualize emotion to communicate affect, as well as to elicit 
intended emotional states through visual stimulation. For instance, a study by Ståhl et al. (2005) 
on the screen-based communication of affective states documents the development of eMoto 
messaging service which “makes use of the sub-symbolic expressions; colors, shapes and anima-
tions, for expressing emotions in an open-ended way” (p. 1). Ståhl et al. (2005) developed a series 
of design guidelines for the visual communication of emotion, including color (Itten’s color 
system mapped onto circumplex model of affect, see Itten and Birren (1970)), shape, and motion 
(both based on Laban Movement Analysis, see Laban (1947)). Intended as an expressive tool for 
users to communicate their emotional states to others, and not a way to elicit emotions, eMoto 
assigns specific visual attributes to emotions and allows users to freely interpret their meanings.
Sanches et al. (2010) designed biofeedback mobile service which attempts to raise self-aware-
ness and improve stress management through visualizing affective states. In order to communi-
cate user’s emotion, Sanches et al. (2010) use color, shape, and motion (animations), variables of 
which are bound to the user’s real-time physiological data obtained by measuring skin conduc-
tance and heart-rate. Similarly, Roseway et al. (2015) created BioCrystal, a biofeedback ambient 
display in the form of a crystal, able to communicate user’s affect in real-time through the use of 
four colors (light blue, blue, green, and red). In contrast to Sanches et al. (2010), however, it is not 
a precise data visualization but rather a more broad abstract ambient visualization. Built on the 
premise that the “visualization of the user’s affective state . . . [can] increase a user’s self-aware-
ness and promote reflection on one’s own internal state” (p. 22), BioCrystal did not attempt to 
elicit emotion, however, it was proven to increase affect-awareness and in time to enhance the 
ability to manage stress.
Dalvand and Kazemifard (2012) proposed a screen-based Adaptive User-Interface Based on User’s 
Emotion (AUBUE), the color-scheme of which is adapted in accordance to the user’s emotional 
states. They recognized the lack of emotional understanding in human-computer interaction as 
the main cause of usability problems. The design guidelines presented in their work suggest that 
interfaces aiming to aid “coping” with a negative emotional state should adapt their color-scheme 
as to elicit an opposite emotion to that of the user. The affective quality of colors and color sets, as 
well as their compatibility with the user’s mood was determined by analyzing them across PAD 
model of affect (as discussed earlier).
A more elaborate study on adaptive digital environment was conducted by Omata et al. (2012), 
who used the term affective rendering to define screen-based visuals which adapt to viewers’ 
psychophysical states. In their study, live-data gathered through the use of sensors detecting 
observers’ skin conductance, blood volume pulse (BVP), and respiration was turned into abstract 
affective visualizations, of which “visual contents [were] generated by adjusting rendering param-
eters, such as color, shape and motion, according to the current as well as the expected affect[ive] 
state” (Omata et al. 2012, p. 737). Their design framework for creation of affective stimuli draws 
from multiple sources; color from Munsell color system, and motion and shape from the theory 
of musical structure (tempo, intensity, staccato, and rhythm). Interestingly, although the initial 
study involved direct observation of the visual stimuli, later verification experiments used affec-
tive visualizations as a peripheral background stimuli (ambient visualization) to users playing a 
game on a separate screen. In both experiments, obtained results indicated that a visualization 
utilizing calming visual attributes is capable of maintaining user’s arousal at neutral level (i.e. 
has calming properties), while an arousing visualization at high level (however, not to increase 
it) (Omata et al. 2012). Proving, therefore, that abstract affective visualizations, both in focal and 
peripheral attention, have the ability to inform, guide, reduce, and maintain the affect dimension 
of arousal. In conclusion, Omata et al. (2012) suggest that better control of affective properties of 
a visual is possible with an increase in the number of its “visual parameters”.
Krcadinac et al. (2016) developed a series of abstract affective visualizations to illustrate textual 
affect and assessed them according to their capacity to communicate emotion, ability to elicit 
affect, and their perceived valence. Additionally, once quantified, those properties were compared 
with the affect communication abilities of avatars (faces) and emoticons. User tests determined 
that “abstract animation[s] with complex motion graphics that include both shape and color 
communicate emotion on par with avatars and emoticons (Krcadinac et al. 2016). However, 
abstract affective visualization outperformed other modes of affect communication in regards to 
emotion elicitation. In other words, affective visualisations which utilize color, motion, and shape 
to display a particular affective quality, can significantly influence emotional states of the users.
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5.5 Limitations: Emotion Visualization Studies
The primary concern regarding the design guidelines introduced in the detailed studies is the 
assessment of affective quality to certain visual attributes. For instance, although color guide-
lines developed by Ståhl et al. (2005) and utilized by Roseway et al. (2015) are convenient to use, 
they are not supported by affective studies on color. Namely, once the Itten’s color system is over-
laid onto the Russell’s circumplex model of affect, color blue at maximum saturation is seen as 
less arousing than light blue, which is contrary to the existing color studies and their physical 
measurements (e.g., Camgöz et al. 2004, Suk and Irtel 2010, Wilms and Oberfeld 2018). Similarly, 
Omata et al. (2012) overlays Munsell color system onto the circumplex model of affect, which in 
turn determines that saturated blue is seen as negative and mildly arousing, while saturated red 
is shown as neutral in valence and highly arousing, which again is not supported scientifically. A 
summary of the affective properties of color stimuli will be provided in Chapter 7.
Furthermore, adapting motion properties for screen-based abstract visualizations directly from 
performing arts (Ståhl et al. 2005) or music theory (Omata et al. 2012) requires a great deal of 
approximations and interpretations. Hence, the reliability of motion models borrowed from 
other fields is questionable. Fortunately, there are a number of models which suggest a set of 
basic characteristics of on-screen motion (e.g., Vaughan 1997) and reliable studies which plot 
certain motion properties across the affective scales (e.g., Bartram and Nakatani 2010, Tagiuri 
1960). Although a study by Krcadinac et al. (2016) is more adequate in its use of affective motion 
design principles, however, it does not consider a significant number of variables influencing the 
affective properties of motion.
Interestingly, Ståhl et al. (2005), Omata et al. (2012), and Krcadinac et al. (2016) all allow for 
the properties of motion to determine the properties of shape. For instance, Omata et al. (2012) 
correlates shape size and pattern complexity with motion property intensity, claiming that 
arousing intense motion is attributable to many big elements, and calming motion to few small 
elements. Although not entirely wrong, visual attribute shape on its own can be identified as 
having multiple properties influencing its affective quality, especially in the affect dimension of 
valence (e.g., Bar and Neta 2006). Moreover, certain design guidelines are instinctual and largely 
based on assumptions (e.g., shape roundness by Ståhl et al. 2005).
5.6 Calm Technology: Periphery & Ambience
Designs that encalm and inform meet two human needs not 
usually met together. Information technology is more often 
the enemy of calm.   (Weiser and Brown 1996, p. 75)
Calm technology is a term originating from the field of ubiquitous computing and coined by Weiser 
and Brown (1996) to explain non-invasive information technologies which do not compete for 
directed attention of their users. In other words, technologies which communicate through the 
use of peripheral rather than the focal attentional field and, therefore, do not create an unnec-
essary strain on the attentional resources of the user (Hazlewood et al. 2011, Weiser and Brown 
1996). Stimuli presented in the peripheral attention has been described by MacLean (2009) as 
ambient; it does not require directed focus to attend to, and communicates with the user implicitly 
by acting “on our unconscious processes, including the affective or emotional” (MacLean 2009, 
p. 125). Ambient communication, therefore, can aim to elicit an affective response as to trigger a 
particular emotional state, for instance, alertness in case of the availability of new notification, 
or tranquility when user’s stress is detected (Affective Computing). 
The processing of the peripheral stimuli is separate from the focal and, hence, “the periphery is 
informing without overburdening” (Weiser and Brown 1996, p. 76) or otherwise interfering with 
the interface at the center of attention. The term ambient visualization/display is used by Moere 
(2007) to introduce visualizations and physical displays which “[aim] to communicate information 
in the periphery of human attention . . . in a nonintrusive way within a physical context” (p. 80) 
(also see Hazlewood et al. 2011). Using peripheral vision and, consequently, peripheral attention 
to communicate affect through ambient communication is a method that could potentially prove 
effective for a Visual Anxiolytic. Especially considering that emotion communication within the 
interface should act as complementary to whatever the user’s current primary task is, and not to 
be distracting. Conceptually, users can attend to the task at hand while simultaneously effort-
lessly experiencing restorative stimuli in the periphery.
5.7 Related Work: Summary
The works chosen for this literature review were selected on the basis of their relevance and 
thematic closeness to this thesis in order to help further determine the why, how, what, and where 
of Visual Anxiolytics. Respectively, these four basic questions determine the function, method, 
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content, and positioning (in the context of the interface) of the Visual Anxiolytics, which in turn 
allow for categorization of the Visual Anxiolytics into genres of visualizations they belong to:
• Why (function) – affective visualization – changing the affective quality 
of the interface
• How (method) – emotion visualization – communicating emotion
• What (content) – aesthetic/artistic visualization – relying on abstractions
• Where (positioning/location) – ambient visualization – existing in the 
periphery
The goal of a screen-based Visual Anxiolytic is to change the affective quality of the visual display 
so as to give it an anxiolytic effect and render the interface affective and restorative; i.e. to make it 
an affective visualization. It attempts to fulfill its function through emotion visualization, with the 
theory based on Affective Computing suggesting that the user eventually might subconsciously 
mirror the emotion communicated by the computer screen. Emotions in the Visual Anxiolytic 
are visualized in an abstract manner through compositions of soft fascinations (combinations 
of color, shape, motion etc.) which support effortless observation and do not deplete attentional/
cognitive resources; as an aesthetic/artistic visualization it can complement the functional part 
of the interface without “overtaking” it. Since the affect communication channel of the affective 
computer should not interfere with the information channel and the tasks at hand, the Visual 
Anxiolytic is an ambient visualization existing at the periphery of the screen, and as an inde-
pendent ambient display.
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Chapter 6
Preliminary
Design Guidelines
6.1 Emotion-Driven Design & Emotional Design
The field of Product Design has generated a number of models taxonomizing the significance of 
emotion in design, elements of which can also be directly applied to the fields of Visual Commu-
nication Design and Interface Design. Most prominently, emotion-driven design (Desmet 2002) 
or emotional design (Norman 2004) are defined as processes facilitating the creation of “products 
with the intention to evoke or to prevent elicitation of certain emotions” (Demir et al. 2009, p. 
41). Hence, a visual design within a UI attempting to evoke a calm/relaxed state, and to prevent 
anxious states, can be potentially accommodated by those processes.
Desmet (2002) applied the appraisal theory to explain the role of product appearance in evok-
ing emotions. Appraisal theory of emotions states that the affective response to the stimuli (e.g., 
interface) is elicited through individual’s appraisal (Scherer et al. 2001); a subjective, automatic, 
and nonverbal evaluation of the stimuli “as having beneficial or harmful consequences for the 
individual’s concerns” (Desmet and Hekkert 2007, p. 62). Concerns in Desmet’s model are under-
stood as current dispositional characteristics (e.g., goals, emotional-states), which the stimuli can 
either address (positive affect) or conflict with (negative affect). As a result, emotional reaction to 
any stimuli is not universal and is determined by the individual’s current state, which consists of 
temporal as well as inherent factors, and the characteristics of the stimuli (Desmet and Hekkert 
2007). Following this logic, the experience of an anxiolytic interface will be determined by the 
concern of the user and the characteristics of the interface.
In order for a Visual Anxiolytic to work (restore directed attention, elicit positive emotions, 
inhibit arousal etc.) it has to be appraised as beneficial to the user’s well-being. Therefore, in case 
of design of Visual Anxiolytics, user’s concern will be pre-determined as feeling anxious/seeking 
relaxation, the stimuli characterized as anxiolytic, and the intended elicited emotional state as 
calm/relaxed. Applied design research study by Demir et al. (2009) determined that “attempts to 
design for a particular emotion may be facilitated by an understanding of the appraisal pattern 
that elicits this emotion” (p. 42). However, such patterns are extremely hard to identify and have 
produced mixed results (e.g., Demir et al. 2009, Scherer and Ellgring 2007). It is much more likely 
that the intended positive appraisal of an anxiolytic experience would be achieved when designing 
the anxiolytic according to the circumplex model of affect. Namely, attempting to create a visual 
experience with optimal combination of valence and arousal so as to facilitate the restorative 
state; medium or high in valence and low to medium in arousal. Therefore, in order to design a 
visual with anxiolytic properties, appropriate appraisal dimensions (variables, components) need 
to be identified and made “tangible” for design purposes. In other words, it is crucial to deter-
mine which appraisal dimensions render a visual stimuli as anxiolytic; i.e. elicits emotions in a 
calm-pleasant spectrum. 
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6.2 Affective Visual Attributes
Regardless of its origin, any visual stimuli, be it a landscape (Ulrich 1983) or a painting (Chatterjee 
2011), is subconsciously decomposed by the brain into its underlying primitives (smaller parts and 
properties) before being recomposed into wholes (Livingstone and Hubel 1987, Treisman 1986). 
Specific visual attributes are processed individually in specialized areas of the brain (Livingstone 
and Hubel 1987, 1988) and, therefore, when designing affective quality of visual experiences it is 
necessary not only to consider properties of the entire compositions but also the individual visual 
attributes they consist of. Treisman (1986) recognized color and shape (size, contract, tilt, curva-
ture, and line ends) as relevant variables in early stages of perception. Furthermore, motion and 
depth (Livingstone and Hubel 1987, Ulrich 1983), as well as sets/compositions of shapes (textures 
and patterns) (Bergen and Adelson 1988) have also been determined as significant individually 
processed properties of a visual stimulus.
Visual attributes influence the affective reaction to the stimuli and its appraisal as positive or 
negative, safe or dangerous, etc. Therefore, since they all have the ability to influence the affective 
quality of the visual, and the affective reaction it elicits, as far as this thesis is concerned, the indi-
vidual properties of visual stimuli will be referred to as affective visual attributes. Majority of the 
emotion visualization studies reviewed earlier (e.g., Ståhl et al. 2005, Sanches et al. 2010, Krcadi-
nac et al. 2016) recognize color, shape, and motion as the three primary affective visual attributes 
influencing the affective quality of visualizations. However, considering that additional visual 
attributes (e.g., depth) could enhance the control over the affective quality of a visual (Omata et 
al. 2012), it is worth taking into consideration as many affective visual attributes, and their affec-
tive dimensions (finer properties), as possible. The larger the amount of variables determining the 
affective quality of a Visual Anxiolytic, the more fine-tuned and effective it can become.
This thesis will focus on four affective visual attributes and their affective dimensions: color, 
shape, motion, and visual depth. In order to create design guidelines for Visual Anxiolytics, it is 
important to determine how these individual parameters of a visual experience are appraised, 
and to identify the exact properties of their affective dimensions that could render a Visual Anxi-
olytic; namely, when the affective visual attributes and their affective dimensions are appraised as 
neutral or positive, and when they reduce arousal or promote tranquil states. The following four 
chapters serve as an introduction and analysis of every attribute based on the available scientific 
literature. The knowledge of the affective properties of these visual attributes is brought into the 
field of Visual Communication Design from the fields of HCI, Psychology, and Neuroscience. 
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Chapter 7
Affective Properties
of Color
7.1 Introduction to Color Stimuli
It is impossible to escape color, it is present in almost all of the objects we encounter daily, and 
even when we sleep we can dream in color (Rechtschaffen and Buchignani 1992). While there 
is a vast array of scientific literature about color in existence across a multitude of disciplines, 
however, the psychological effects of color stimuli are not well researched and are often incon-
sistent in their findings (Birren 1961, Elliot and Maier 2014). Even though the mental processes 
responsible for the emotional effects of color are not yet fully understood (Wilms and Oberfeld 
2018), the existing knowledge lays solid theoretical ground and supports the claim that “color is 
about more than aesthetics - it can carry important meaning and can have a significant impact 
on people’s affect, cognition, and behavior” (Elliot and Maier 2014, p. 95).
Directed focal attention is not necessary for an individual to detect basic visual information such 
as color (Cavanagh and Alvarez 2005). In fact the meaning of color and its context are derived 
during the nonconscious initial high-resolution stage of visual processing (Castelhano and 
Henderson 2008, Friedman and Förster 2010, Bronfman et al. 2014). An observer “can come to 
like or even develop pleasant feelings for something without the intervention of any cognition” 
(Suk and Irtel 2010, p. 74). Consequently, color diversity, unless specifically attended to, does not 
excessively take up WMC and can be registered from the peripheral vision (Bronfman et al. 2014). 
Hence, color perception creates little strain on attentional resources and does not require the atten-
tional shift from the primary cognitive task (Bronfman et al. 2014). By requiring low attentional 
resources and taking up little mental bandwidth, color stimuli can serve as a subtle subconscious 
emotive visual cue influencing affect, cognition, and behavior. Furthermore, according to Birren 
(1961), people who suffer from various emotion regulation pathologies are more affected by color 
stimuli and their response to it is more profound. Therefore, color is an essential element of a soft 
fascination, as well as a potential Visual Anxiolytic.
The meaning of color stimuli is highly influenced by its context, both physical and psychologi-
cal (Elliot and Maier 2014). As a result, affective response to color is highly subjective and can be 
influenced by multiple contextual variables: personal preference, culture, shape/object in which 
the color appears, subject matter the color illustrates, medium on which the color appears etc. 
However, the studies of affective properties of pure isolated color as well as color combinations 
have proven to be highly replicable across PAD model of affect, and are consistent across differ-
ent media (Suk and Irtel 2010).
This chapter first discusses the relationship between colors’ meanings and affective reaction they 
elicit as well as Ecological Valence Theory of color preference. Subsequently, it summarizes the 
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available studies regarding measurable affective properties of individual colors and basic color 
dimensions. Affective properties of color combinations and palettes are also discussed. As this 
thesis is concerned with the use of color on screen, for the purpose of efficient cross-analysis and 
creating useful design guidelines, colors tested in relevant studies have all been approximated to 
their RGB, Hex, and scientifically preferred CIELAB LCh system (Appendix 3, 4, 5).
7.2 Color Meanings
The effect colors have on the psychological functioning in humans is directly tied to the meaning 
of those colors. However, which color meanings are biologically innate or shaped through social 
learning is not entirely known (Hurlbert and Ling 2007), with certain color meanings possibly 
being hybrid constructs of both. Therefore, color-meaning links are not obvious, and they can 
vary among individuals because of an infinite number of factors and variants thereof. Further-
more, the meaning of a color is highly dependent on the context in which it appears, certain colors 
can even carry opposite meanings in different contexts (Clarke and Costall 2008); for instance, 
red can be associated both with love and deadly threat. The way every individual perceives color 
stimuli is to a certain extent completely unique and, consequently, the emotional and psycho-
physiological responses to it are idiosyncratic as well. Despite the lack of certainty, color stimuli 
is not fully unpredictable and arbitrary; “as colors have the ability to cross cultures, they exhibit 
universality and can symbolize emotions in the most effective manner” (Zentner 2001).
7.3 Ecological Valence Theory of Color Preference
The hybrid nature of color-meanings is effectively explained by Palmer and Schloss (2010), who 
proposed an Ecological Valence Theory (EVT) of color preferences. EVT suggests that the affec-
tive response to color stimuli is influenced by the connection between objects associated with 
those colors; “the more enjoyment and positive affect an individual receives from experiences 
with objects of a given color, the more the person will tend to like that color” (Palmer and Schloss 
2010, p. 8878).
EVT proposes that humans are implicitly attracted to colors of objects which are related to their 
survival; colors of advantageous objects carry positive valence, while disadvantageous ones 
have negative valence (Palmer and Schloss 2010). Although certain color effects trigger an affec-
tive response on par with other primates and can be interpreted as biological (Elliot and Maier 
2014), adaptive nature of human color preferences suggests that the majority of color-meanings 
are learned through experience. Therefore, positive valence will be ascribed to colors of likeable 
non-threatening objects (e.g., blue sky, green garden, pink ice-cream), some of which, especially 
those related to the natural world (ART), might also have a relaxing and calming affective quality.
7.4 Affective Dimensions of Color
Color is most often described as having three basic perceptual dimensions: hue (what we tend to 
understand as color, wavelength), lightness (brightness, luminosity, value) and chroma (satura-
tion) (Valdez and Mehrabian 1994). All of the three dimensions have a significant systematic effect 
on emotional response to color stimuli, both when considered in isolation, as well as in relation 
to one another (Camgöz et al. 2004, Suk and Irtel 2010, Wilms and Oberfeld 2018). Therefore, it 
is important to analyse the influence of each of the three dimensions on the affective quality of 
colors.
Studies of affective responses to specific color dimensions have been primarily researched in two 
of PAD’s numerical dimensions of valence and arousal (e.g., Suk and Irtel 2010, Zieliński 2016, 
Wilms and Oberfeld 2018), with the third dimension of dominance explored less often (e.g., Suk 
and Irtel 2010). Furthermore, a number of studies have assessed the effect of color dimensions 
on psychological functioning by measuring skin-conductance response (a reliable measure of 
emotional response) and heart rate; effectively tracing the effects of color on physiological arousal. 
This chapter focuses on the studies of color as applied to basic abstract geometrical objects.
7.5 Hue
Hue is by far the most researched color dimension, with the largest amount of data available for 
three basic colors: red, green, and blue. Change in hue has more impact on the measured arousal 
than valence (Wilms and Oberfeld 2018). Colors of shorter wavelength (e.g., blue and green) are 
less arousing than the colors of longer wavelengths (e.g., red) (Mahnke and Mahnke 1993). At high 
chroma, red is associated with anxiety and is seen as having the most negative valence, followed 
by green and blue (Suk and Irtel 2010, Wilms and Oberfeld 2018). However, it is worth noting 
that in most cases the differences in emotional responses between hues are not very significant.
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According to multiple empirical studies (e.g., Elliot et al. 2007, Gnambs et al. 2010) viewing 
arousing long-wavelength colors, especially red, impairs an individual’s performance at complex 
cognitive tasks and increases strain on the working memory. Such effect is less prevalent for green 
and blue hues which are more often viewed as tranquil and mild; a result consistent with the 
EVT. However, study of the effects of color on attention by Camgöz et al. (2004) counter-intui-
tively suggests that at high chroma it is not red that wins the attentional competition but colors 
in the yellow-green-cyan range. Therefore, even though not seen as inherently threatening, at 
times colors with shorter wavelength can be selected for high priority processing over the longer 
wavelength ones.
Discrepancy in results and multiplicity of color-meanings makes the conclusive empirical assess-
ment of affective properties of the hue color dimension almost impossible. In fact, a study by 
Suk and Irtel (2010) and Wilms and Oberfeld (2018) summarized the affective properties of hue 
as lacking any systematic trends. The affective quality of particular hues, therefore, is further 
informed and determined by the remaining two other color dimensions; “when confronted with 
statements such as ‘‘Red causes higher arousal than blue’’, one should ask ‘‘Which red and which 
blue?””(Wilms and Oberfeld 2018, p. 910). Fig. 4 summarizes the systematic properties of hue 
color dimension and highlights hues (and their affective qualities) most compatible with poten-
tial Visual Anxiolytics (following figures follow the same logic).
7.6 Lightness
The color dimension of lightness has a significant influence on the affective response to color 
(Camgöz et al. 2004, Suk and Irtel 2010, Wilms and Oberfeld 2018); regardless of the hue, lighter 
colors are largely perceived as more positive and less dominant than darker colors (Fig. 5). 
Furthermore, lighter colors tend to attract more attention regardless of the background they are 
displayed on (Camgöz et al. 2004). The effect of lightness on arousal is less clear, and it is highly 
influenced by chroma; bright and highly saturated colors elicit significantly higher skin-conduc-
tance responses, and are self-rated as more arousing (Suk and Irtel 2010, Wilms and Oberfeld 
2018), while the opposite is true for the less chromatic colors. 
Fig. 4   Affective properties of the hue color dimension. Hue is not the primary predictor of the anxi-
olytic properties of color (e.g., blue is not always good, red is not always bad). Therefore, the avail-
able studies can only suggest that perhaps warm long-wavelength colors are NOT optimal for a Visual 
Anxiolytic, and that colors from colder spectrum with shorter-wavelengths are preferable.
MEDIUM WAVELENGTHLONG WAVELENGTH SHORT WAVELENGTH
Arousal
Valence at any chroma inconclusive
0
VISUAL ANXIOLYTICS
Valence at maximum chroma 0
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7.7 Chroma
Across available literature, chroma/saturation is recognized as the most significant affective 
variable of color. The color dimension of chroma is the main variable influencing valence ratings 
across all hues (Valdez and Mehrabian 1994, Wilms and Oberfeld 2018). Highly chromatic 
colors are universally self-rated as more arousing (e.g., Suk and Irtel 2010), and when measured 
for their effect on skin-conductance (e.g., Zielinski 2016) they have been proven to elicit a stron-
ger emotional response. Furthermore, similarly to the colors of high lightness, colors with high 
chroma tend to attract more attention on any background (Camgöz et al. 2004).
A certain discrepancy exists between the perceived valence of a color and its chromatic value. 
Regardless of the hue, most colors are rated as having highest valence at medium chroma; high-
est chroma values has a negative effect on valence for red and neutral for blue/green, with low 
chroma decreasing self-rated valence for all hues (Fig. 6) (Suk and Irtel 2010, Wilms and Ober-
feld 2018). Achromatic colors, although less arousing, are rated lower in valence than chromatic 
colors (Wilms and Oberfeld 2018). At maximum saturation, there is a noticeable difference in 
valence between different hues: blue is ranked as most pleasant, followed by green and red. With 
decreased saturation, the differences in valence tend to diminish, showing that the color dimen-
sion of chroma often “overrules” the affective properties of hue.
Fig. 6   Affective properties of the chroma color dimension. Colors of medium lightness are gener-
ally appraised as highest in valence and moderate in arousal. Highly chromatic colors are arous-
ing, distracting, and can, therefore, drain attentional resources (especially when existing in the 
periphery). Although least arousing, colors of low chroma are rated lowest in valence.
HIGH CHROMALOW CHROMA MEDIUM CHROMA
Valence 0
VISUAL ANXIOLYTICS
MEDIUM CHROMALOW CHROMA HIGH CHROMA
Arousal 0
VISUAL ANXIOLYTICS
MEDIUM LIGHTNESSLOW LIGHTNESS HIGH LIGHTNESS
Valence 0
VISUAL ANXIOLYTICS
LOW LIGHTNESSHGIH LIGHTNESS MEDIUM LIGHTNESS
Arousal 0
VISUAL ANXIOLYTICS
Fig. 5   Affective properties of the lightness color dimension. Colors of medium to high levels of light-
ness are most often appraised as high in valence and carry positive meanings. The color dimension of 
lightness is most likely to contribute to an anxiolytic effect of a color at medium to high level.
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7.8 Affective Palettes
Although affective properties of individual colors are relevant for the emotion-driven design 
process, it is rare for particular colors to be used in isolation. When considering practical color 
applications, more often designers refer to palettes, color combinations, and colorways. In fact, 
organizing colors in desirable color combinations is an integral part of the visual design process 
itself. Strong affective properties of color grant the designer the ability to combine colors into 
palettes of particular affective quality, and therefore, it is important to understand what rules 
govern color-to-color relationships. The question aiming to create a color combination of a partic-
ular affective quality is, what colors should (not) be used together?
7.9 Palettes: Color Harmony
Multiple studies identify color harmony as the most important factor affecting valence ratings 
and, therefore, palette preferences. Although a fairly elusive, and not entirely quantifiable term, 
harmony of color combinations can be described simply as a relationship between colors that 
“work” together visually or, as defined by Judd and Wyszecki (1975, p. 390), “when two or more 
colours seen in neighbouring areas produce a pleasing effect”. Existing studies identify all three 
basic color dimensions as contributing to the perceived harmony. However, hue and lightness 
are seen as the two most relevant dimensions (e.g., Bartram et al. 2017, Schloss and Palmer 2011, 
Szabó et al., 2010). For instance, a set of multiple tonal variations of blue can be considered harmo-
nious on the basis of the commonality of their hue, and at the same time so can the combination 
of green and red as long as both colors are of similar lightness (Fig. 7) . Interestingly, unifor-
mity of color (understood as consisten/harmonious use) has been correlated with an increase in 
perceived spaciousness of settings, and hence an increase in their valence as well (Fehrman and 
Fehrman 2010).
Fig. 7   Examples of harmonious palettes 
HARMONOUS PALETTE: HUEHARMONOUS PALETTE: LIGHTNESS
7.10 Palettes: Meaning
Similarly to individual colors, the affective response to color combinations is not only determined 
by the quantitative properties of the three color dimensions, but also their inherent seman-
tic meaning. However, due to consisting of multiple colors, palette-meanings are significantly 
more complex constructs. Color combinations can semantically be composed of consistent or 
complementary colors (Madden et al. 2000); they can either be associated with similar meanings 
or carry different meanings all together. Since the affective quality of colors is more determined 
by their meanings, the relationship between individual colors and their meanings in the palette 
are of immense importance. A Visual Anxiolytic within the scope of this thesis needs to follow 
a palette built out of colors of consistent affective quality. It is possible that by using colors of 
complementary affective qualities they could synthesize into an affective quality of anxiolytic 
properties. However, such inquiry is difficult to quantify and makes the affective experience of 
color even more subjective.
7.11 Palettes: Affective Quality
Color in an information visualization study by Bartram et al. (2017) attempted to taxonomize 
user-generated affective palettes for visualization, and organize them into categories according to 
their affective qualities. Color combinations categorized as calm (low arousal, medium valence) 
were lighter and significantly less saturated than those, for instance, in playful, exciting, or nega-
tive subgroups, and in general featured more light desaturated blues and greens (Bartram et al. 
2017). Positivity was assigned to highly chromatic color combinations which incorporated less 
warm colors than Negative palettes, and contained more greens. In addition to the three stan-
dard color dimensions, Bartram et al. (2017) identified palette composition (hue clusters, color 
frequency) as a significant variable contributing to the affective quality of a color combination. 
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Chapter 8
Affective Properties 
of Primitive Shapes
8.1 Introduction to Primitive Shapes
The surrounding environment we perceive is that of three-dimensional objects arranged in space. 
Human eye detects the contour (outline) of objects through differences in light (contrast), color, 
motion, etc. It is almost impossible to talk about other visual attributes without objects. For 
instance, color is always a visual feature of an object or is presented within the constraints of a 
contour, motion is seen only when it is applied to a visible object or its motion path is perceptible 
itself. Therefore, objects moderate our responses to all other visual attributes. Isolated red color 
can be, for instance, perceived as threatening, but when applied to a beach ball or the contour of 
a heart its semantic quality inevitably changes. Objects are in fact the main moderators of mean-
ing and context (e.g., Palmer and Schloss 2010), inevitably influencing the affective quality of our 
visual experiences.
Impressions of the visible world are formed subconsciously and rapidly (Ambady et al. 2000). In 
fact, the speed with which affective and aesthetic judgments are made from the complexity of our 
surroundings means that, for the purpose of efficiency, objects we see (be it a tree or a building) 
are automatically approximated to their underlying visual primitives (Bar and Neta 2007). Simi-
larly, studies on universal emotional expressions (Darwin and Prodger 1998, Ekman 1973) are 
interpreted by Larson et al. (2012) as supportive of a theory that biologically-meaningful affective 
stimuli can be encoded in/decoded from visual primitives; “context-free geometric forms convey 
affect associated with perception of threat and pleasantness” (Larson et al. 2012, p. 410). Further-
more, the study of neuroaesthetic responses by Ramachandran and Hirstein (1999) suggests that 
primitives of visual stimuli can elicit more potent emotional reactions than their complete forms. 
The influence of this neural mechanism on visual communication is immense; visual primitives 
(abstractions) can potentially amplify the affective quality of forms they approximate. Therefore, 
abstract primitive shapes can be used to create rich visual experiences/impressions that elicit 
intense aesthetic and affective responses.
Expression of emotion through primitive shapes is prominent in a majority of cultures and many 
domains of arts, not only visual. In his study of shape and affect, Aronoff (2006) uses examples 
such as masks with geometrical patterns used in tribal rituals, contrasting poses of polar forces 
in ballet, and compositions of 17th-century Dutch paintings to support the argument that “for 
the emotions of anger and happiness, at least, meaning is carried in the geometric properties 
of the visual display” (p. 83). Similarly, primitive shapes are the primary visual attributes avail-
able to designers; the visual environment we encounter on the screen is that of shapes arranged 
within a compositional structure of a rectangular frame. Hence, just as it does in case of ballet, 
the composition of primitive shapes on the screen is likely to exhibit a particular affective quality 
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and evoke an impression consistent with the meaning it carries. By manipulating the affective 
attributes of shapes and their spatial arrangement, a visual designer is, therefore, potentially able 
to create a primitive-shape-based visual stimuli/experience with predetermined affective quality.
The primary focus of this chapter is to recognize the affective attributes of primitive shapes which 
moderate their affective quality and the emotional reaction they evoke. Subsequently, the influence 
of those attributes on a shape’s meaning, preference, and synesthetic correspondences is outlined.
8.2 Affective Dimensions of Primitive Shapes
According to studies by Bar and Neta (2006, 2007), the affective and aesthetic quality of a shape 
is contained in its contour which determines the nature of the shape, influencing its valence and 
arousal ratings. Therefore, when talking about affective attributes of primitive shapes, the focus 
should be placed on their “underlying geometry” (Larson et al. 2012, p. 411); in other words, the 
geometric qualities of their contour. A number of studies identify the affective quality of shapes 
to be influenced by three main geometrical contour properties (e.g., Bar and Neta 2006, Salga-
do-Montejo et al. 2015):
• Roundness/Angularity – the quality of the contour being either rounded 
or angular.
• Symmetry/Asymmetry v the correspondence of the shape’s parts along 
its axis.
• Simplicity/Complexity – the number of finer elements/details distin-
guishable in a shape.
One additional dimension of interest to this chapter is the perceived direction of the shape’s 
contour. Although more descriptive of motion, in this context, the direction of the contour means 
its relative orientation towards either upward, downward, left, or right side of the rectangular 
frame. The direction in which the shape “points” has been recognized to significantly influence 
its affective quality (Larson et al. 2012), or the affective quality of the stimuli it complements 
(Toet and Tak 2013).
8.3 Roundness/Angularity
The relationship between affective quality of a visual stimulus and the affective dimension round-
ness/angularity is consistent throughout the majority of visual primitives; be it isolated lines or 
primitive shapes (Gómez-Puerto et al. 2016). Multiple studies identify curvature/sharpness of a 
shape’s contour as being directly correlated with its perceived valence (e.g., Bar and Neta 2006, 
Bertamini and Palumbo 2015, Larson et al. 2007, Salgado-Montejo et al. 2015). While preference 
for curved contours is universal, and has been proven across a variety of scientific disciplines, 
the cognitive processes responsible for it are not entirely known (Cotter et al. 2017). However, it 
can be said with utmost certainty, that positive valence of curved contour is not acquired purely 
through the function of social learning; since it has also been recognized in non-human primates 
(Munar et al. 2015), as well as infants (Quinn et al. 1997).
Aside from the scientific works, preference for curvature has also been traditionally of interest to 
the fields of art, philosophy, and aesthetics, where roundness has “often been regarded as more 
harmonious, relaxing, or pleasant—and more in consonance with nature—than straight or broken 
lines” (Gómez-Puerto et al. 2016, p. 1). Interestingly, Berman et al. (2014) concluded that contours 
of objects in nature are in fact dominated by roundness and feature very few straight edges. Early 
studies on shape-word associations (Lundholm 1921, Hevner 1935) showed that sharp lines and 
contours were linked to negative affective states (e.g., angry), while curvy ones with positive or 
neutral states (e.g., quiet, lazy). Similar correlation can be seen in the performing arts, for instance, 
in ballet negative force is conveyed through diagonal poses and arrangements, while rounded 
ones signify positive meanings (Aronoff 2006). Furthermore, Polumbo et al. (2015) documented 
the association of curved polygons with positive meanings and female names, while sharp-angled 
polygons are associated with diametrically opposed meanings and male names. 
In two prominent studies by Bar and Neta (2006, 2007), participants displayed a significant pref-
erence for curved objects and curved abstract shapes over their sharp-angled counterparts. The 
liking of curved contour in their experiment had proven to be largely unaffected by their semantic 
meanings (similar result in Larson et al. 2012). Whether present in abstract shapes or common 
everyday objects, sharp-angled contours are perceived as more threatening, they activate amyg-
dala (one of the areas of the brain responsible for fear processing) significantly more than round 
contours, and are, therefore, more arousing (Bar and Neta 2007, Silvia and Barona 2009). In some 
studies, curved shapes are described as facilitating more efficient processing (aesthetics: Reber 
et al. 2004, cognition: Wolfe et al. 1992), hence, visual stimuli built out of rounded elements can 
potentially create less strain on an observer’s mental bandwidth. Fig. 8 summarizes the affective 
properties of the roundness/angularity shape dimension..
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8.4 Symmetry/Asymmetry
For the majority of individuals, shape attribute symmetry/asymmetry is the primary variable 
determining the aesthetic quality of visual stimuli (Jacobsen and Höfel 2002, Jacobsen et al. 2006). 
Psychological studies from the Gestalt tradition were among the first to study symmetry in terms 
of its inherent valence (Wertheimer 1923). Their work established that symmetrical geometries 
are rated as higher in inherent “goodness” and that they facilitate increased processing efficiency 
(Koffka 1935). More recent research in implicit association by Makin (2012) and Bertamini et al. 
(2013) supports those findings, showing that symmetry is linked to positive concepts and random 
asymmetry with negative concepts (Fig. 9). Less predictable, however, is the effect of symmetry 
on the emotion dimension of arousal; symmetrical shapes and patterns have been found to elicit 
higher arousal, while asymmetrical ones lesser (Bertamini et al. 2013). The arousing nature of 
symmetry has been attributed to its perceived simplicity, which is directly related to processing 
efficiency (Barlow and Reeves 1979), which in turn is associated with positive valence (Reber et 
al. 2014).
The symmetry of primitive shapes and patterns also affects the attention they attract. Visual 
stimuli perceived as symmetrical is detected quicker than geometrically more random stim-
uli (Palmer and Hemenway 1978). Furthermore, when placed among asymmetrical elements, 
symmetrical shapes/patterns are automatically perceived as figure and asymmetrical ones as 
background (Driver et al. 1992). Symmetry is, therefore, closely bound with the shape attribute 
complexity; symmetrical shapes are seen as simpler and intact, while asymmetrical ones as more 
complex and unstructured.
Fig. 8   Affective properties of the roundness/angularity shape dimension. Contours 
and shapes with angular features activate amygdala and are arousing, whereas 
round shapes are processed more efficiently and are seen as pleasant.
MIXED CONTOURROUND CONTOUR ANGULAR CONTOUR
Arousal
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0
Processing	efficiency
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VISUAL ANXIOLYTICS 2-AXIS SYMMETRY PARTIAL SYMMETRY ASSYMETRY
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0
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Fig. 9   Affective properties of the symmetry/asymmetry shape dimension. Symmetrical shapes are 
appraised as higher in valence, elicit higher arousal, and are processed more efficiently. Multi-shape compo-
sitions are likely to be perceived as less distracting when featuring a level a higher level of assymetry. 
8.5 Simplicity/Complexity
In his review of the field of neuroaesthetic, Chatterjee (2011) summarizes the influence of complex-
ity on aesthetic quality from the evolutionary perspective; “beautiful objects are those that are 
complex and yet are processed efficiently” (p. 56). Perceived complexity also informs the affective 
quality of shape, however, consensus does not exist as to the direction of the correlation (Palmer 
et al. 2013). Findings of certain studies support the claim that complex shape-based patterns are 
preferred and rated as higher in valence (e.g., Cotter et al. 2017), while other ones find simplicity 
to be inherently more pleasant (e.g., Bertamini et al. 2013).
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Complexity of individual primitive shapes is determined by the number of discernable elements 
(e.g., notches, sides) in their contour. Studies by Salgado-Montejo et al. (2015) and Jacobsen et 
al. (2006) found that the increase in shape contour complexity is negatively correlated with its 
valence; namely, less elements the contour has more pleasant it is. On the other hand, contrasting 
results can be found in Cotter et al. (2017) and Friedenberg and Bertamini (2015), who noted that 
in their experiment polygons with more sides were preferred to those with less. A more moderate 
view was presented by Munsinger and Kessen (1964), who estimated that polygons with approxi-
mately 10 sides are most preferable by both adults and children. A similar discrepancy and breadth 
of results can be found in the arousal ratings. However, if simplicity is derived from the shape/
pattern symmetry, data would suggest that more simple/symmetrical visual stimuli would be 
more arousing (Bertamini et al. 2013).
Lack of scientific consensus about the role of complexity (Fig. 10) in determining affective quality 
of shape means that other variables might come into play. Interestingly, in their review of aesthet-
ics and human preference, Palmer et al. (2013) report on a study by Tinio and Leder (2009) who 
found that if observers are familiar with simple stimuli, naturally they will rate complex stimuli 
as more pleasant (and vice versa). Therefore, it can be assumed that the preference of simplicity/
complexity is relative to the visual context in which it appears. For instance, considering that 
the screen-based UIs are those of organized rectangles and symmetrical grids, when trying to 
communicate positive affect to the user, visually complex stimuli might be preferable. Hence, 
novelty might be the main moderator of the affective response to shape attribute complexity/
simplicity.
8.6 Direction
Although not as well defined and researched as the other attributes, direction further informs 
the affective quality of primitive shapes. Study by Larson et al. (2007) determined that regard-
less of their comparable angularity, downward-pointing V/triangle carries a significantly more 
threatening meaning than an upward-pointing V/triangle and, therefore, is less pleasant and 
more arousing to the observer due to its direction. Shapes of which attribute direction signifies 
threatening meanings are detected quicker and capture attention for longer. Furthermore, their 
presence affects the other elements of the stimuli; “threatening” downward pointing shapes win 
the attentional competition with other shapes and can change the affective quality of the entire 
display (Larson et al. 2012, Toet and Tak 2013). For instance, an experiment by Toet and Tak (2013) 
uncovered the influence of direction on the emotion dimension of dominance, where neutral 
LOW-FEATURE MEDIUM-FEATURE HIGH-FEATURE
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Fig. 10   Affective properties of the simplicity/complexity shape dimension. Lower-feature contour 
is usually perceived as pleasant, is easily recognizable, and facilitates efficient processing. However, 
lack of complexity can at times result in lower valence and higher arousal especially in shape-
based patterns, hence, no definitive conclusion can be made. Appraisal of simplicty/complec-
ity shape dimension seems to be highly correlated with the aspect of novelty of the stimuli.
faces presented with a downward pointing triangle were rated as more dominant.
Convincing argumentation of the effects of downward and upward direction on affective quality 
of shapes is based on evolutionary theory. According to Larson et al. (2012), affective response 
to the downward/upward V is possibly informed by the fact “that the overall pattern of muscle 
movements in happy faces forms a rounded configuration whereas in angry faces the muscles 
tend to pull down and into form a V shape” (p. 405). Therefore, rounded upward pointing shapes 
will be carrying meanings associated with happy concepts, while downward ones with negative 
concepts (Fig. 11).
Semantic explanation of the direction effect is most likely informed by the insinuation of motion; 
downward direction is usually associated with heaviness and falling, while upward direction 
with lightness, flight, and forward motion (Bacigalupi 1998). Neither of the directions along the 
horizontal axis have strong inherent meaning for static shapes. However, if indicative of or hint-
ing motion, shapes pointing rightward can be seen as signifying increased momentum (positive) 
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and leftward signifying retreat (negative) (Bacigalupi 1998). Nonetheless, these are most likely 
learned associations, and can vary depending on the contextual circumstances.
Lastly, it is important to note that in order for a shape to express direction it needs to contain a 
certain kind of pointed feature, which when angular, is universally associated with decreased 
valence and higher arousal. Therefore, not surprisingly, directionless circular or curvilinear shapes 
are rated as being highest in valence among basic primitive shapes (Bar and Neta 2006, Larson et 
al. 2012). Aside from the obvious lack of sharp-angles, such preference can be attributable to the 
fact that the unsophisticated contour facilitates increased processing efficiency.
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Fig. 11   Affective properties of the direction shape dimension. Shapes pointing in the upward and rightward direc-
tion are associated with positive meanings and are, therefore, appraised as higher in valence and lower in arousal. 
Shapes pointing rightward are often correlated with increased momentum and upward with forward motion.
8.7 Synesthetic Correspondences of Shape
More than any other visual attributes, shapes have been associated with synesthetic correspon-
dences. This means that the experience of shape is not limited to vision, but also can be linked to 
other sensations such as auditory (sound), olfactory (smell), etc. (Salgado-Montejo et al. 2015). 
Most often those links are bi-directional (Parise and Spence 2013). A study by Salgado-Montejo 
et al. (2015) connects basic abstract shapes with tastes, and describes the relationship between 
the senses as dependent on perceived valence; e.g., the more pleasant the shape the more pleasant 
its taste. Furthermore, Velasco et al. (2015) documented a similar synesthetic correspondence 
for typefaces. These findings suggest that when using shapes as affective cues in a Visual Anxi-
olytic it can be beneficial to consider what other cross-sensory information they might contain, 
and so the affective quality of the stimuli might be informed/changed by those correspondances. 
Therefore, during the design process of affective stimuli it might be beneficial to pose relatively 
abstract questions such as: what sound/smell should it look like?
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Chapter 9
Affective Properties 
of Motion
9.1 Introduction to Motion Stimuli
Interacting with and understanding of the surrounding environment would not be possible 
without motion perception. Motion is omnipresent and it is an elemental feature of the physical 
environment. Consequently, when lacking in other visual information, motion detection and 
perception is advantageous in filling in the descriptive deficiencies of color or shape (Sekuler et 
al. 2002). Motion detection is a task of dedicated nerve cells (Detenber et al. 1998) and the sophis-
ticated processes responsible for its perception can be vaguely described as depending “upon 
activity distributed over many areas of the brain, each extracting somewhat different information 
from the retinal image” (Sekuler et al. 2002, p. 125).
Humans manifest a preference towards dynamic stimuli; when detecting motion (either in foveal 
or peripheral vision) the attentional competition is usually won by its source (Sundar and Kaly-
anaraman 2004). Furthermore, motion has the ability to enhance the affective properties of an 
image, making a static visual of negative valence more negative, and positive valence more positive 
(Detenber et al. 1998). High sensitivity to motion and its ability to create affect means that even 
when not consciously attending to it, rarely can an observer register a motion and stay neutral. 
As a powerful visual cue, motion stimuli is a fundamental attribute of the screen-based visual 
communication and, when used correctly, an aid for a potential Visual Anxiolytic. 
Motion significantly differs from movement, as movement combines the semantic meaning of the 
motion and the semantic meaning of the object in motion (Lockyer et al. 2015). Although, ulti-
mately there is no motion without a moving agent, this chapter is concerned with pure motion 
as applied to primitive abstract shapes, and omits the semantic properties of moving objects. Put 
simply, motion means a gradual change of the object’s position in space over a period of time. 
Research on the affective qualities of abstract non-biological motion is limited, with most related 
academic studies originating from the field of human-computer interaction (HCI). Within HCI, 
motion is usually treated as a functional component of interaction, rarely as an independent 
“highly expressive and experiential” stimuli (Silang et al. 2015, p. 991), and even less often as an 
affective visual experience. However, existing literature in HCI can provide us with an array of 
varied and detailed analysis of affective properties of screen-based motion.
This chapter begins with the study of affective qualities of screen-based pure motion as applied 
to semantically neutral abstract objects. Subsequently, motion textures and their properties are 
discussed.
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9.2 Affective Dimensions of Motion
Multiple attempts have been made to taxonomize movement. Most notably, Laban Movement 
Analysis (LMA) (Laban 1947) was created to better understand the meaningfulness of movement 
in performing arts through four-category analysis of Body, Space, Effort, and Shape (Laban and 
Lawrence 1974). A few existing HCI studies (see Silang et al. 2015) recognized that the Effort 
category, used to analyze the expressive quality of movement, can be applicable for screen-based 
media. Effort category consists of four “movement qualities” and their two opposite values: Space 
(direct or indirect), Time (sudden or sustained), Weight (light or strong), and Flow (bound or 
free) (Silang et al. 2015).
Several attempts were made to adapt Laban’s Effort category to create frameworks for design of 
affective motion, for instance for the purpose of character animation by Chi et al. (2000), emotion 
communication service by Ståhl et al. (2005), simple abstract motion in user interfaces by Park and 
Lee (2010), and ambient affective visualization by Lockyer et al. (2015). The use of Laban’s analysis 
model, although largely applicable in more complex character animations (Chi et al. 2000), has 
proven not to be applicable to simple motion of abstract objects in UIs (Park and Lee 2010) and 
only to a limited extent applicable in ambient texture applications (Lockyer et al. 2015, Ståhl et al. 
2005). Using a human movement analysis model for the purpose of this thesis is, therefore, not 
ideal, as the motions of interest lack the nuances and complexity of the full-body movement. The 
more compound and intricate the movement of an object is, the more affective qualities that can 
be derived from its movement. Hence, a significantly simpler qualitative framework is required 
for the study of screen-based motion of abstract objects.
Although similarly derived from the performing arts, a simplified motion analysis model was 
proposed by Vaughan (1997) which identified “the minimum characteristics of movement on 
the computer screen” (Vaughan 1997, p. 548). Her model accounts for the limited number of 
discernable motion cues in abstract animations and specifies four distinctive qualities of screen-
based motion. All four of the qualities individually, as well as their interactions, have the ability 
to influence the affective properties of motion:
• Path – the shape of the motion path the object follows.
• Area – the space within which the object moves (position, amplitude).
• Direction – the direction in which the object moves.
• Speed – the speed and tempo of the object’s movement.
Partly building upon Vaughan’s work, Bartram and Nakatani (2010) studied a larger number of 
parameters in order to provide finer analytical detail to the original four basic variables (eg. accel-
erations and decelerations as related to speed, fluidity and directional changes as related to the 
shape of motion path). Having generated substantial data, Bartram and Nakatani (2010) noticed 
that responses to the perceived motions could be organized into three main categories: positive, 
negative and calm. As far as Visual Anxiolytics are concerned, motions categorized as positive 
and calm will be of particular interest to this thesis.
9.3 Path
Path of motion is a (usually invisible) line that the moving object creates. The shape and complex-
ity of the path influences the affective response to the motion. Tagiuri (1960) studied affective 
responses to basic motion paths and found that a variety held their own affective properties. In 
his study, arch/curved paths were rated as “unhurried, unsure, happy, and relaxed”, straight ones 
as “determined, alert, aggressive, and purposeful” and meandering as “immature, confused, 
upset, and curious”.
More recent experimental research by Bartram and Nakatani (2010) and Park and Lee (2010) 
confirmed Tagiuri’s findings with curved paths being rated as positive and calm. Straight paths, 
although largely neutral, tend to evoke mildly positive valence, while angular and excessively 
obtuse angles trigger significant negative judgement (Fig. 12) (Bartram and Nakatani 2010). 
Furthermore, Vaughan (1997) suggested that semantically paths can have a formal and infor-
mal quality, with symmetrical paths being perceived as artificial and curved paths as organic.
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9.4 Area
When analyzing the area or space within which motion takes place, two minor variables are rele-
vant: position and amplitude. Position is the location of the motion within the screen (in the XY 
axes, either horizontal or vertical) and amplitude is the distance between the two most distant 
points of the motion path (width/length/scale of motion). Motion located at the top of the image 
frame generally has positive valence, and at the bottom negative valence (Bartram and Nakatani 
2010), with motion categorized as calm concentrated anywhere in the motion frame aside from 
the bottom (Fig. 13). Similarly, and not surprisingly, horizontal positioning of the motion has a 
significant effect on a perceived affective quality of the motion, when located primarily on the left 
side of the screen it is seen as negative and on the right as positive (Bartram and Nakatani 2010). 
According to the study by Bartram and Nakatani (2010) long amplitude is rated as having a mildly 
positive valence, and short amplitude as neutral. Semantically, long amplitude is associated with 
more intense and expressive motions (of varied valence), while more concentrated motions are 
associated with highly contained “quiet” emotions. Since anger, for instance, can be expressed by 
both big (swinging hands) and small motions (shaking), therefore, valence of amplitude is highly 
informed by its speed. Fast motion with long amplitude can be experienced as more threatening 
than a slow motion following the same path.
VISUAL ANXIOLYTICS
STRAIGHT PATHARCH/CURVED PATH ANGULAR PATH
Arousal
Valence
0
0
Fig. 12   Affective properties of the path motion dimension.
9.5 Direction
Bacigalupi (1998) suggested that the affective properties of motion direction have a strong seman-
tic correlation. Upward motion is interpreted as positive while downward is considered negative. 
Motion on the horizontal axis also carries inherent meaning, with rightward motion seen as that 
of increased momentum and leftward as that of retreat (Bacigalupi 1998). 
Studies of valence of motion direction reveal that these common sentiments are largely true. 
Namely, leftward and downward motions are rated as more negative, while rightward and upward 
motions are rated as positive (Bartram and Nakatani 2010). Diagonal motion is seen as less posi-
tive than motion solely in the horizontal or vertical axis; for instance, motion to the left is not 
rated as negative as downward-left motion. While changes in direction are generally perceived as 
negative, the valence of the change of direction highly depends on the angle measure and speed. 
Obtuse directional changes have a negative correlation, similarly, so do sudden changes in direc-
tion at high speed (Bartram and Nakatani 2010).
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Fig. 13   Affective properties of the area motion dimension
68 69
9.7 Motion Textures
Aside from the focused use on objects, motion can have rich affective properties in more expe-
riential ambient applications (Lockyer and Bartram 2012), such as dynamic/motion textures and 
motionscapes. Dynamic textures have been defined as “spatially repetitive, time-varying visual 
patterns that repeat or seem to repeat themselves over time” (Toet et al. 2011, p. 969), motion 
textures “as an area or volume of movement following some shared pattern, with possible random 
variation” (Lockyer and Bartram 2012, p. 777) and motionscapes as “massive numbers of similar 
agents moving in coordinated patterns to create (...) metaphorical landscapes” (Feng et al. 2017, 
p. 205). All three definitions are expounding a very similar concept, and to avoid confusion in 
terminology, the term motion texture will be used here when referring to any multielement ambi-
ent visual patterns in motion.
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Fig. 14   Affective properties of the direction motion dimension
9.6 Speed
In multiple motion-affect studies, speed is considered to be the most psychologically significant 
variable (e.g., Bartram and Nakatani 2010, Sundar and Kalyanaraman 2004). Furthermore, speed 
seems to moderate and influence affective qualities of all other motion properties. In general, 
fast animations are more attention-demanding and arousing, especially when shown in contrast 
with slower animations (Sundar and Kalyanaraman 2004). On its own, slow motion is univer-
sally perceived as relaxing and evokes a generally positive and calm affect (Fig. 15). While sudden 
accelerations and decelerations might have an arousing affect (be it that of threat or excitement), 
mild decelerations can be associated with calmness (Bartram and Nakatani 2010). Generally, 
jerky motion is perceived as negative, while smooth motion is perceived as calm and positive.
Humans have a tendency to assign physical properties even to abstract objects in accordance 
to Earth’s gravity. Therefore, semantically, in upwards and horizontal movements, fast objects 
are perceived to be light and slow objects heavy, while in downward movement the opposite is 
true. The speed of objects helps us determine their physical properties and, therefore, often their 
meaning and valence.
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Fig. 15   Affective properties of the speed motion dimension
70 71
A study on emotional effects of motion textures by Toet et al. (2011) recognizes that motion 
textures can either be discrete or continuous. Discrete motion textures consist of perceptible 
agents (e.g., birds flying in formation), while the continuous ones consist of agents too small to be 
perceived individually (e.g., molecules of water in ocean waves). Although this perceived density 
of the texture is a relevant variable, it is not well researched for its affective properties. It is possi-
ble that discrete motion can be perceived as being more complex since every agent of it can be 
observed on its own, with the affective dimension of complexity being correlated with relaxing 
affective quality (see Toet et al. 2011) and increased preference (see Reber et al. 2004). Motion 
complexity should not be mistaken for motion change complexity (changes in motion pattern), 
however, which is highly correlated with increased arousal and dominance (Toet et al. 2011).
In studies by Lockyer and Bartram (2012) and Feng et al. (2014) the following basic motion texture 
dimensions can be identified: orientation (linear or nonlinear), direction, speed and curvature of 
individual motion paths. Properties of all four can mediate ambient motion affect.
9.8 Motion Textures: Orientation
Most relevant compositional aspect of motion textures is that of their orientation in space. Two 
categories of motion texture orientation can be identified: linear and nonlinear (spherical, radial, 
circular) (Fig. 16) (Lockyer and Bartram 2012, Feng et al. 2014). The most basic distinction between 
the two is the presence of compositional center; nonlinear textures are oriented around a specific 
point in space, while linear textures have no specified point of concentration.
The general characterization of linear motion textures can be that of affectively agnostic, and 
as having calming and reassuring properties “suitable for many design scenarios, where visual 
elements should be neutral, less attention-demanding and less intrusive” (Feng et al. 2017, p. 205). 
In contrast, the motion of texture elements in nonlinear orientation is associated more often with 
“affective impressions of urgency, threat, rejection and negativity” (Feng et al. 2017, p. 205). As a 
result, nonlinear motion textures can create a more significant strain on attention and, therefore, 
perhaps can serve better as directive local cues rather than ambient environmental ones. Affec-
tive properties of motion texture orientation are further informed by the remaining variables of 
direction, speed, and path curvature.
9.9 Motion Textures: Direction
For nonlinear radially oriented motion textures there are two possible motion directions: inwards 
or outwards. Although linear motion textures have an infinite number of possible motion direc-
tions, generally they can be narrowed down to eight approximated variants: left, right, up, down, 
upwards-left, upwards-right, downwards-left and downwards-right.
In terms of perceived goodness or badness, in existing studies the direction of motion is a relevant 
variable only in the case of linear motion textures (Lockyer and Bartram 2012). Both inward and 
outward motion are rated as having neutral valence, but radial inward motion is perceived as more 
attracting, and the radial outward motion as more rejecting. Valence of linearly oriented motion 
textures  (Fig. 17) mirrors the studies of motion as applied to single abstract objects (Fig. 14)
(Bartram and Nakatani 2010). Namely, leftward and downward motion are rated as more negative, 
while rightward and upward motion as positive. In downward-left and downward-right motions, 
the horizontal variable has a significant effect on valence, with the downward-left motion being 
rated as more negative, implying that the movement to the left has an inherent negative meaning.
CIRCULARRADIAL OUTWARDSRADIAL INWARDSLINEAR
VISUAL ANXIOLYTICS
Fig. 16   Affective properties of the orientation motion texture dimension
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9.10 Motion Textures: Speed
As a significant motion attribute, speed is strongly correlated with the intensity (strength) of the 
affective response to the motion texture stimuli (Lockyer and Bartram 2012, Feng et al. 2014). 
Furthermore, it has the ability to change the affective quality of the texture entirely; for instance 
turning once positively rated motion to a negative one. Not surprisingly, dynamic compositions 
displaying fast motion usually result in arousing, dominant, and negative responses (Toet et al. 
2011), with the slower speed being perceived as less threatening, more calming, reassuring, and 
relaxing (Fig. 18). Despite this logical dependence, Lockyer and Bartram (2012) pointed out an 
interesting and significant observation; the deformation of individual motion paths of texture 
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Fig. 17   Affective properties of the direction motion texture dimension
elements can evoke more intense affective reactions at slow speeds rather than fast speeds. Such 
correlation can possibly mean that certain textural nuances are not perceptible at faster speeds, 
therefore, decreasing their influence on affective properties of the observed motion.
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Fig. 18   Affective properties of the speed motion texture dimension
9.11 Motion Textures: Curvature of Individual Motion Paths
The influence of curvature of individual motion paths on affect applies only to discrete motion 
textures, since only those consist of perceptible elements with individually discernable motion 
paths. The curvature of individual motion paths that construct textures is a dominant factor influ-
encing the valence ratings (Lockyer and Bartram 2012). Regardless of their orientation, motion 
textures with rough and angular motion paths are largely perceived as negative (threatening) and 
straight paths as “more positive, calming, reassuring, relaxed, and attracting” (Fig. 19) (Lockyer 
and Bartram 2012, p. 782). A less polar affective quality is attributed to textures in which elements 
are following a wavy path; they are generally rated as having a neutral valence. However, Feng 
et al. (2014) notes that waviness applied to motion textures may elicit the feeling of calmness as 
they carry meanings associated with natural phenomena (e.g., ocean waves, forests), a sentiment 
also expressed by Lockyer and Bartram (2012) and Vaughan (1997).
74 75
VISUAL ANXIOLYTICS
WAVY PATHSSTRAIGHT PATHS ANGULAR PATHS
Arousal
Valence
0
0
Fig. 19   Affective properties of the curvature of individual motion paths in motion textures
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10.1 Introduction to Visual Depth
While detailing the affective properties of color, primitive shapes, and motion, their analysis was 
focused on their application within a two-dimensional plane. However, the real-world surround-
ings we perceive are three-dimensional, in which objects (if placed in a Cartesian coordinate 
system) possess three numerical coordinates and appear to be layered on top of each other, with 
certain elements seem to be closer to the observer and some further away. The scenes we perceive 
in the real-world have visual depth. Therefore, in contrast to previously discussed affective visual 
attributes, depth is not a property of an object/shape, but it is an ambient property of a visual 
composition, and is an organizational property which describes the spatial relationships between 
objects.
The affective properties of depth are not well researched. A number of psychological studies 
explore the role of depth in the environmental appraisal, namely the effect “distances and rela-
tionships among elements in three dimensions” (Ulrich 1983, p. 101 based on Ulrich 1977) have 
on the aesthetic preference and the assessment of compliance of the environment with one’s 
well-being. Like most studies on environmental preferences, these experiments depend on picto-
rial representations of landscapes rather than studies in the real-world environments themselves.
As far as screen-based media are concerned, a number of HCI studies investigated the role of depth 
in enhancing the immersiveness of the experience and sensation of presence in virtual environ-
ments (e.g., Naceri et al. 2009), or the role of depth-of-field in decreasing eye strain in stereoscopic 
experiences (e.g., Carnegie and Rhee 2015). However, very little research exists regarding the 
influence of visual depth on emotional states of the observer. In their work on motion textures, 
Feng et al. (2014) suggest that introducing stereoscopic depth to affective visualizations can 
result in higher “visual clarity”, which in return can be correlated with positive affective quality 
of a visual presentation. Furthermore, Ståhl et al. (2005) in their emotion visualization research 
refer to the seminal book Disney Animation: The Illusion of Life by Thomas and Johnston (1981), 
which considers visual depth (created through overlays) as a layout feature able to significantly 
influence the affective quality of an animation. 
Aside from its potential influence on the affective quality of the visual display, little empirical 
evidence exists about how exactly the depth property influences the affective reaction to any 
designed visual stimuli, let alone abstract emotion visualization specifically. Hence, the design 
guidelines for depth in Visual Anxiolytics have to heavily draw from the established knowledge in 
natural environment preferences. The primary assumption, therefore, is that “the principles that 
explain perception in real life can be applied straightforwardly to computers and other media” 
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(Reeves and Nass 2000, p. 68); if the environment (be it real or digital) is appraised as pleasant 
and good, they can induce positive emotional reaction and aid the anxious individual in reducing 
stress, worry (negative thoughts), or arousal (Parsons and Hartig 2000, Kaplan 1995), as well as 
restoring the attentional resources of the individual. Hence, this chapter will attempt to deter-
mine whether or not the visual depth contributes to the positive appraisal of the surrounding 
environment, and what level of depth (low to high) is seen as optimal.
10.2 Depth Cues
Unlike the other affective visual attributes discussed earlier, depth is not a feature of an object, 
but it exists as a product of spatial relationships between objects. In other words, we can talk 
about depth only if multiple points of reference (elements) are present in a scene. Hence, human 
perception of depth is a complex process which depends on an array of visual environmental 
depth cues; namely, visual/spatial information which allows for the detection of the third dimen-
sion in a scene/display. According to Ulrich (1983) scenes with a large amount of depth cues give 
more environmental information, are easier to appraise, and, therefore, have positive valence. 
On the other hand, lack of such cues might totally impede the ability to appraise a scene (Ulrich 
1983); Casey (2001) considers depth cues which determine the boundaries of the environment 
(e.g., horizon) as “a primary feature of landscape” (p. 417).
At their most basic, depth cues can be divided into monocular and binocular, which simply deter-
mine if they are perceptible with or without stereovision (two eyes). Since the aim is to compli-
ment a monoscopic screen-based interface, Visual Anxiolytics are concerned primarily with the 
following monocular depth cues (Fig. 20) (from Goldstein and Brockmole 2017, Ijsselsteijn 2004, 
Lengen 2015, Michels et al. 2005, Ulrich 1977, Zhang et al. 2017):
• Size – objects located closer to the observer appear bigger.
• Detail – objects which appear closer have more distinguishable features.
• Color/Shading – more distant objects can appear darker or lighter.
• Overlay – certain objects appear on top of, or behind, other objects.
• Occlusion – certain objects are hidden.
• Blur/Depth of Field (DOF) – objects not in focus appear blurry.
• Monocular Motion Parallax – change of the relative position of objects 
due to the motion of the observer (or camera).
• (Ground) Textural Gradients – changes in gradient.
SIZE DETAIL COLOR/SHADING
OVERLAY OCCLUSION BLUR/DOF
MONOCULAR MOTION PARALLAX TEXTURAL GRADIENTS
Fig. 20   Monocular depth cues
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As an affective visual attribute, depth does not have clearly recognizable affective dimensions. 
This is perhaps due to the fact that most likely those dimensions would be different for specific 
depth cues rather than depth property as a whole. For instance, affective dimensions of the depth 
cue blur could be its type (gaussian, motion, etc.), strength (blur level), and point of focus. Depth 
cue overlay could vary in transparency and color, while motion parallax in speed and a number 
of visually distinguishable layers. However, a major limitation is the lack of conclusive studies 
which makes the analysis of the potential affective dimensions virtually impossible.
In the real-world, multiple depth cues (if not all) are experienced at once, and all contribute to the 
reconstruction of the third dimension in the brain (Dövencioğlu et al. 2013, Ijsselsteijn 2004). As 
a result, as far as this thesis is concerned, the affective visual attribute depth is analysed holisti-
cally, and its cues are treated as measures for creating the visual depth and not its properties (none 
is better than the other). Therefore, the only variables of depth influencing its affective quality 
are: it can be either present or not, and have a different level. The level of depth determines the 
penetrability of the environment; low level of depth means limited visual penetrability of the 
foreground, while high level of depth constitutes a visually spacious environment (Ulrich 1983).
10.3 Visual Depth Preferences, Spaciousness, and Mystery
Depth creates a feeling of environmental openness, freedom, and “sense of reality in space” 
(Lengen 2015). According to Ulrich (1983), the highest valence is attributed to natural scenes 
which display “moderate to high level of depth that can be perceived unambiguously” (p. 105) 
(Fig. 21). As far as natural landscapes are concerned, lack of visual depth can lead to immediate 
negative affective response to the environment. Dislike for spaces with “visually impenetrable 
foreground” is linked to the limited ability of the observer to effectively detect threats and poten-
tial escape routes in such spaces (Appleton 1975, Brush 1978, Ulrich 1983) and is largely a subcon-
scious evaluation conducted with minimal cognitive resources (Ulrich 1983). 
Visual depth of a scene is directly tied to its perceived spaciousness; the horizontal and vertical 
extent of the composition. In fact, Ulrich (1983) finds terms depth/spaciousness to be synony-
mous and uses them interchangeably (e.g., p. 100), and Kaplan (1995) considers spaciousness 
as the extent of the environment. Similarly to the appraisal of depth in a scene, spaciousness 
is a preferred feature of an environment and is seen as beneficial to one’s well-being (Kaplan et 
al.1989, Ulrich 1983). Through pictorial stimulation, spaciousness in natural environments has 
been linked to enhancement of creativity (Meyers-Levy and Zhu 2007, Rompay and Jol 2016), 
inspiration (Fredrickson and Anderson 1999), self-expression (Okken et al. 2013), and restoration/
widening of attention (Rompay and Jol 2016). Although no specific linkage between spaciousness 
and positive affect has been established (see Rompay and Jol 2016), cognition boosting properties 
of spacious scenes might have a significant influence on the observer’s well-being.
Presence of depth and spaciousness indicates that there is more to the perceived scene than what 
can be seen from the current vantage point. Kaplan and Kaplan (1989) and Kaplan et al. (1989) 
noted that the preferred environment is the one which demands/facilitates exploratory action 
and identifies mystery as an (informational) preference variable. Mystery can be defined as “the 
sense that more information [about the scene] can be gained at low risk” (Falk and Balling 2009, 
p. 480), meaning that the preferred restorative environment is that which is safe but also visually 
sophisticated and not fully predictable (can not be explored at a glance). Depth was found to be 
an integral component of mystery in natural scenes (e.g., Herzog and Smith 1988) and in interior 
spaces (e.g., Scott 1993). In studies by Stamps (2007a, 2007b), depth cues occlusion and shading 
were most correlated with the perceived mystery of the environment, with the overall “effect of 
depth on mystery [being] higher at shorter ranges than at longer ranges” (Stamps 2007a, p. 165). 
Interestingly, in the study by Herzog (1987), despite being rated high in mystery, certain narrow 
spaces (e.g., canyons) were not preferable. The effect of such a combination of visual vertical 
depth and horizontal constraint means, perhaps, that mystery is a prefered characteristic of an 
environment only if accompanied by both the horizontal and vertical (ambient) spaciousness.
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Fig. 21   Affective properties of visual depth
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10.4 Depth Cues and Attention
While introducing depth to a Visual Anxiolytic, it is of utmost importance to consider the effect 
certain depth cues can have on directed attention. Since the “human visual system prioritizes 
events that are likely to require a behaviorally urgent response” (Lin et al. 2008, p. 1), the logiob-
jects which appear in close proximity to the observer (or display sudden movement) are given a 
processing priority. Such influence of depth perception on attention is most likely the case for 
the majority of depth cues.
However, an interesting counter-effect can be seen when blur is the primary depth cue; image 
property known in picture-making as depth of field (DOF) “can control the selection of infor-
mation in pictures under both non-stereo and stereo viewing conditions” (Zhang et al. 2017). It 
is not necessarily the objects which are close that receive priority processing, but the objects that 
are in focus and feature more detail (Fig. 22) (Zhang et al. 2017). It can be concluded, therefore, 
that certain depth cues can influence which elements receive priority processing; application of 
blur might isolate the non-blurry detailed elements, and overrule other attentional cues such as 
color (Khan et al. 2011). As a result, in scenes with deep DOF, sharp objects attract observers’ 
attention while the background is largely neglected and visually impenetrable (Khan et al. 2011).
VISUAL ANXIOLYTICS
SHALLOW DOFMEDIUM DOFDEEP DOF
Fig. 22   Depth of field in Visual Anxiolytics. Visual Anxiolytics utilize DOF for creating a sensation of spacious-
ness, however, only to an extent which renders all of the elements as being of equal visual importance.
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Chapter 11
Discussion
 
11.1 Theoretical Basis for Visual Anxiolytics
(Q.	1.1)	 Can	a	visual	have	anxiolytic	properties?
(Q.	1.2)	 How	can	a	visual	interfere	with	anxious	pathology?
Attentional and, more broadly, cognitive resources are entirely exhaustible. Existing both in 
psychological (worry) and physiological (arousal) dimensions, affect regulation disorder anxi-
ety has a detrimental effect on directed attention, working memory capacity (WMC), and, as a 
result, on emotional functioning (Jonides et al. 2008, Posner and Rothbart 2007). Depletion of 
cognitive resources during an anxious episode makes it nearly impossible for an individual to 
inhibit intrusive thoughts and negative interpretation biases, both of which contribute further to 
anxious pathology (Moriya and Sugiura 2012). Anxiety negatively affects the ability of the brain 
to filter out irrelevant information from accessing the working memory, which consequently 
impairs an individual’s capacity to choose what they pay attention to, and what they ignore. As 
a result, anxious individuals might have a tendency to perceive their immediate environment as 
far less predictable, largely uncontrollable, overstimulating, and stressful (Archer 1979).
 
According to Attention Restoration Theory (ART), restorative environments have the ability to 
stimulate elicitation of positive emotions (Hartig et al. 1991, Ulrich 1979), reduce stress, and 
improve the ability to focus. A high-fascination restorative environment is that which supports 
effortless observation, is different from the usual surrounding environment, and allows for a 
high level of immersion (sense of being there). Although derived from the natural environment, 
ART has been successfully applied to pictorial representations of nature, architecture and HCI. 
Exactly the same processes of environmental appraisal which have evolved in the natural world 
are directly applicable to media (Reeves and Nass 2000), hence, environmental cues detailed in 
ART are prone to be processed the same way and elicit similar affective responses when adapted 
for the screen. If the visual constitutes a whole new (digital) restorative environment or signifi-
cantly complements/modifies the user’s physical surroundings, it can influence the way an indi-
vidual appraises their immediate environment altogether. 
The primary component of ART’s restorative environment and, therefore, a restorative visual are 
soft fascinations (Kaplan 1995); features and patterns which encourage effortless observation and 
are not mentally draining or demanding (Basu et al. 2018). Largely existing in the background, and 
in the subconsciously processed peripheral vision, they facilitate mental restoration and reflec-
tion. In the natural world, a soft fascination can be a moving branch of a tree, waves on the sea, 
or a glistening boulder. On a screen, on the other hand, a soft fascination can be a composition of 
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naturally moving colored shape, textural abstraction of a natural landscape, or a direct pictorial 
representation of nature. By decreasing attentional demands on the brain, soft fascinations facil-
itate an increase in the working memory capacity (WMC) (Basu et al. 2018). Hence, introduction 
of soft fascinations and natural elements into the surrounding environment facilitates greater 
levels of attention restoration, improved reaction time, enhanced memory, and effortless perfor-
mance (eg. Bell 2014, Berto et al. 2010). When aimed at the restoration of directed attention and 
WMC, a restorative visual can increase control over one’s attention, increase mental bandwidth, 
and limit negative interpretation biases; therefore, at its core it can be anxiolytic.
Restorative quality is not the only variable determining the anxiolytic properties of a visual, 
however. Unbeknown to the individual, our brains constantly appraise visual stimuli to establish 
the overall valence of the environment and its compatibility or incompatibility with one’s well-be-
ing and concerns (current dispositional characteristics). An anxious brain is likely to decrease 
valence of a visual display through negative interpretation biases and persistent worrying, hence, 
introduction of the polar high valence visual stimuli can counter its detrimental effects (Garland 
et al. 2010). Broaden-and-Build Theory of Positive Emotions (Fredrickson 2004) and multiple 
related studies (eg. Derryberry and Tucker 1994, Rowe et al. 2007, Folkman 2008) recognize that 
positive emotions have the ability to broaden general attention, visual attention, and counter 
psychological as well as physiological dimensions of anxiety and stress. Therefore, a visual can 
be considered anxiolytic if it facilitates attentional and cognitive restoration by attempting to 
communicate positive affect as to elicit a positive emotional reaction.
(Q. 1.3)	 Is	the	anxiolytic	affective	quality	of	a	visual	interface	a	property that	can	be		
	 designed?
(Q.	2.2)	What	are	the	visual	attributes	influencing	the	affective	quality	of	a	visual?
Affective quality of a visual stimulus is its ability to influence one’s affect (Russell 2003). Affec-
tive reaction to a visual is rarely neutral, impressions of the perceived environment are formed 
rapidly and their appraisal is entirely subconscious (Ambady et al. 2000). Quickness of appraisal is 
possible due to various visual attributes being processed separately in different parts of the brain; 
humans decompose seemingly complex visual stimuli into its underlying primitives before reas-
sembling them (Livingstone and Hubel 1987, Treisman 1986). Furthermore, primitives of visual 
stimuli have been found to elicit more potent emotional reactions than their complete forms 
(Ramachandran and Hirstein 1999).
Color, shape, motion, depth, and compositional patterns have all been recognized as relevant 
individually processed visual attributes in early stages of perception (Bergen and Adelson 1988, 
Livingstone and Hubel 1987, Ulrich 1983, Treisman 1986). Due to their appraisal both as a compo-
sition and in isolation from one another, all affective visual attributes have the ability to influence 
the affective quality of the visual and the affective reactions it elicits. In other words, the result 
of the environment appraisal is an outcome of the appraisal of its underlying primitives. Hence, 
through informed use of affective visual elements and their combinations, the affective quality 
of a visual experience can be customized so as to elicit a certain affective response.
To be considered anxiolytic, the visual and its forming visual attributes need to be appraised as 
compatible and beneficial to the user’s well-being. According to Russel’s (1980) circumplex model 
of affect, which plots affective states across two dimensions of valence and arousal, a calming posi-
tive stimuli is that which is appraised as high in valence (neutral and positive) and low in arousal.
11.2 Visual Anxiolytics
(Q.	1)		 What	is	a	Visual	Anxiolytic?
(Q.	2)		 What	kind	of	visualization	is	a	Visual	Anxiolytic?
Immersive nature of screen-based visuals enables the digital devices to create parallel environ-
ments to that which surrounds the individual. Our affective system has evolved to constantly 
evaluate the environment in terms of its beneficial or detrimental influence on one’s well-being. 
What the individual sees on the screen, therefore, influences the way the user feels and by deter-
mining the visual properties of the digital environment, visual communication designers have 
the ability to guide users’ affect and influence their psychophysiological states.
This thesis defines Visual Anxiolytics as a genre of affective visualizations, affective quality of 
which is designed to alleviate anxiety and anxious pathology. Visual Anxiolytics utilize affective 
visual attributes — color, shape, motion, visual depth etc. — to communicate an overall impres-
sion to the viewer that elicits a positive affective reaction and has an anxiolytic effect. 
As affective visualizations, Visual Anxiolytics attempt to change the affective quality of the 
visual display to give it an anxiolytic effect and render the interface affective and restorative. 
Visual Anxiolytics communicate affect through emotion visualization, with the theory based in 
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the discipline of Affective Computing suggesting that the user eventually might subconsciously 
mirror the communicated emotion (Picard 1997). Visual Anxiolytics visualize emotions in an 
abstract manner through compositions of soft fascinations (as defined in ART) which support 
effortless observation, and do not deplete attentional/cognitive resources. Furthermore, defined 
as an aesthetic/artistic visualization, Visual Anxiolytics complement the functional part (i.e. 
task related elements) of the interface without “overtaking” it. As abstract artistic visualizations, 
their designs take form of motion textures, “spatially repetitive, time-varying visual patterns” 
(Toet et al. 2011, p. 969) created out of affective visual attributes which are appraised as neutral 
or positive and, hence, capable of reducing arousal or promoting tranquil states. Since the affect 
communication channel of the affective computer interface should not interfere with the infor-
mation channel and the tasks at hand, the Visual Anxiolytics exist in a periphery, and as such, 
can be considered ambient visualizations, as well as being calm technology.
11.3 Anxiolytic Color
At its most basic, anxiolytic color is that which carries non-threatening, calm, and relaxing 
meaning; is rated low in arousal and high in valence. Anxiolytic colors are those associated with 
objects that are appraised as beneficial to an individual’s well-being (e.g., colors seen in the natural 
settings). However, it is important to remember that the new context in which the color appears, 
or the object it covers, can influence and change its original meaning. While a green triangle may 
in fact resemble a tree, a wavy line of the same color is more likely to be associated with a reptile; 
i.e., the affective quality of the color can change as other visual cues are introduced. Therefore, as 
an affective visual attribute, even the seemingly most anxiolytic color should not be used with-
out careful consideration of the feature it complements. Since color preferences and color mean-
ings are highly subjective, it is important for the anxiolytic to rely on colors whose meanings are 
universal and uncontestable.
The role of particular color dimensions in determining the affective quality of color is somewhat 
counter-intuitive. Namely, the color dimension of hue is not the primary predictor of the anxio-
lytic properties of color (e.g., blue is not always good, red is not always bad). Therefore, the avail-
able studies can only suggest that perhaps warm long-wavelength colors are NOT optimal for a 
Visual Anxiolytic, and that colors from colder spectrum with shorter-wavelengths are prefera-
ble. This is not to say, however, that the colors in the warm spectrum under no circumstance can 
be anxiolytic, but that the color dimensions of lightness and chroma further inform the affec-
tive quality of a hue. For instance, although highly saturated red environmental cues can induce 
anxious states, a pale red (pink) is known to have a calming and tranquilizing properties when 
featured in interior spaces (Graham 1998).
Considering that the partial aim of the Visual Anxiolytic is to reduce the physiological dimension 
of anxiety, the colors it utilizes should be of less arousing level of medium to low chroma. Since 
highest valence is generally attributed to colors at medium chroma (regardless of hue), short-wave-
length and less arousing colors can be used at medium rather than low chroma levels to further 
enhance their positive valence, while not making them overly arousing. The avoidance of highly 
chromatic colors in the anxiolytic is further supported by the correlation between high chroma 
and the ability of intense colors to capture attention. In other words, less chromatic colors are more 
likely to exist in the visual periphery without creating too much strain on attentional resources.
Colors of medium to high levels of lightness are most often appraised as high in valence and 
carry positive meanings. However, it is important to note that the colors high in lightness tend to 
attract more attention, induce arousal (especially when also highly chromatic), and can prove to be 
distracting in the long run. Despite being rated relatively low on arousal, most dark colors carry 
universally negative meanings and are, therefore, not optimal for Visual Anxiolytics. Consider-
ing its conflicting properties, the color dimension of lightness is most likely to have an anxiolytic 
effect at medium level, and perhaps should be influenced by the interface it appears in; i.e., the 
lighter the interface the smaller the risk that colors of high lightness in it could be distracting.
Anxiolytic palette is a harmonious (“pleasant”) color combination which aims to carry a consistent 
meaning across all of the colors it contains. It is possible that by using colors of complementary 
meanings they could synthesize into an affective quality of anxiolytic properties. However, such 
inquiry is hard to quantify and makes the experience of color even more subjective. A restorative 
color combination has to display a certain level of complexity, so as to remain relatively interest-
ing for extended periods of time and to facilitate effortless observation. Proposed Visual Anxi-
olytics, therefore, should not be limited to one hue, and should rather pursue harmony through 
the consistent use of chroma and lightness dimensions across the entire palette. However, if color 
in an anxiolytic is applied both in an ambient manner and to particular objects, it is important 
for all elements to remain relatively of the same visual importance. In other words, individual 
elements of the anxiolytic can not be attracting too much attention, and therefore, any palettes 
with heavily contrasting colors are to be avoided.
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11.4 Anxiolytic Primitive Shapes
Real-life recognizable objects carry complex ambiguous meanings and, as multi-feature struc-
tures, they require higher mental bandwidth and directed attention to process and appraise. 
Most objects when stripped to their underlying primitives, however, can be expressed in basic 
geometrical forms, and often are able to amplify the affective quality of forms they approximate. 
Hence, a potential Visual Anxiolytic should either be based on abstractions of objects, or basic 
shapes whose contours are rated as high in valence and low in arousal. 
Since they never exist in isolation, individual shapes of a Visual Anxiolytic need to be appraised 
quickly, and therefore, the primary characteristic of isolated primitive shapes in Visual Anxio-
lytics is their simplicity. Anxiolytic shape should have a low-feature contour which is pleasant, 
easily recognizable, and which facilitates fast effortless processing. Simplicity in case of individual 
shapes can be understood as both lack of random asymmetry and a low number of discernable 
elements in their contour. Furthermore, primitive shapes in Visual Anxiolytics are characterized 
by roundness and lack of angularity. Evidence gathered by Bar and Neta (2006, 2007) irrefut-
ably proves that contours and shapes with angular features activate amygdala and are arousing, 
whereas round shapes are seen as non-threatening. Lastly, anxiolytic shapes are oriented in the 
upward and rightward direction, both of which are associated with increased momentum and 
forward motion.
As far as this thesis is concerned, Visual Anxiolytics are meant to exist in the periphery as an 
unobtrusive affective background complementary to the functional interface. As ambient emotion 
visualizations, they are unlikely to feature a sole shape as its modes of emotion communication, 
rather, they take on a form of motion textures featuring a number of primitive shapes arranged 
in abstract ambient compositions. Hence, aside from the visual characteristics of individual 
shapes, properties of the patterns they create are equally important and are largely governed by 
a different set of rules. Namely, compositions created out of primitive shapes are asymmetrical, 
they have no central axis/point, and as a result they aim to be perceived as background. Emer-
gence of symmetry within the pattern can render it distracting (constitute a figure) and, hence, 
should be generally avoided. As efficient processing of the multi-shape composition is a necessity 
for its anxiolytic effect, there should be a limited variability of the individual elements within the 
composition. A good balance between repetitive and novel elements needs to be reached, with as 
many elements as possible sharing common contour properties.
Bar and Neta (2006) noted that certain contours, even when displaying characteristics of high 
affective valence, can be overridden by additional visual information; “there are exceptions in 
which preference and attitude might bypass the characteristics conveyed by the type of contour” 
(p. 647). This means that, for instance, a long curvilinear shape that is green might be reminis-
cent of a snake and, therefore, even though appealing in its shape, the semantic meaning can 
“override the effects of contour and dominate preference” (Bar and Neta 2006, p. 647). Color and 
motion can completely change the affective reaction an isolated contour would normally elicit. 
11.5 Anxiolytic Motion
To see an object move is to subscribe it physical properties, agency, and intention. Motion can 
grant objects expressive qualities that would otherwise be lost in a still picture, and it comple-
ments and amplifies the perceptual effects of color and/or shape (Detenber et al. 1998, Sekuler 
et al. 2002). The way an object moves often determines its meaning and compliance with one’s 
well-being, and therefore, motion is an exceptionally influential affective visual attribute. On the 
most basic level, anxiolytic motion is that which is perceived as positive, calm, and not threaten-
ing. Motion of a single element, which is beneficial if directed attention is needed, is not optimal 
for a Visual Anxiolytic. Therefore, if utilizing motion, a Visual Anxiolytic should be an ambient 
motion texture, thus, attempting to create a holistic environmental effect, with no parts appear-
ing more relevant than the others.
Considering the general simplicity of most interfaces, a complex motion texture might be 
appraised as higher in valence due to its contrast with the usual digital environment (constitute 
a whole ‘different world’) and, hence, facilitate effortless observation and restoration. Since visi-
ble details of the texture might influence its perceived complexity, perhaps discrete textures with 
visible agents would be preferred to a continuous one. However, this is only a speculation, since 
the studies on complexity are inconclusive. To be characterized as a soft fascination, the anxio-
lytic motion texture has to utilize linear orientation with no compositional . In fact, avoidance 
of any points of attention is the primary feature determining its ambient nature. The prefered 
dominant motion direction in a Visual Anxiolytic is upward, with possible skew to the right. 
Dominant leftward and downward motion should be avoided, as it can carry inherently negative 
meanings (e.g., retreat, sinking etc.).
The motion of individual agents in an anxiolytic texture should be slow, with their speeds fairly 
consistent throughout the texture and the entirety of their paths. This is because significant differ-
ences in individual speeds could result in certain elements attracting attention, causing the texture 
to lose its restorative properties. It is worth noting, however, that motion in the natural world is 
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never constant; i.e., anxiolytic motion is that which sustains subtle changes in speed across time 
so as to remain interesting but not distracting. Although movement with slight decelerations 
and accelerations might be preferred, any changes in speed in a Visual Anxiolytic should never 
be sudden, or in sync with radical directional change of a motion path.
The individual paths in an anxiolytic motion texture are smooth, infinite (they continue through-
out the entirety of the rectangular frame of the display), and utilize all areas of the screen. 
Although generally appraised as positive, straight motion paths can appear too mechanical, 
which is not ideal for the intended application. Slightly irregular waviness and minor path defor-
mations can aid the organic appearance of the texture and enhance its anxiolytic properties, as 
long as they do not indicate change in direction (i.e., the amplitude of the wave is not too big). 
Avoidance of straight lines would stand in contrast with the usual geometrical pixel-perfect 
computer interfaces, and hence could result in an increase of perceived valence and aesthetic 
appeal of an anxiolytic. Moreover, any overly monotonous synchronized motion, could result in 
visual symmetry as well as simplicity and, hence, prove to be distracting and dysfunctional in 
background/ambient applications. 
Interestingly, although referred to as agents, individual shapes in the anxiolytic should perhaps 
display little agency or intentionality of movement. In fact, variation in motion among individu-
ally perceptible texture elements should not be significant, so that their motions appear unified, 
as if caused by a universal force, akin to buoyancy. The appeal of a natural environment and its 
relaxing properties are partly based on its predictable responsiveness to the forces of nature; e.g., 
all of the trees and leaves react to the wind in a similar manner, tilting in the same direction. There-
fore, an environment in which all objects were to respond to a different force or display agency, 
would appear incoherent and chaotic. Unified motion of the individual elements in a Visual 
Anxiolytic can render it more predictable and, therefore, less arousing. Since intended to exist in 
a periphery, a Visual Anxiolytic utilizing motion has to take into consideration high sensitivity 
of peripheral vision to motion stimuli. Elements emerging from the periphery are more likely to 
capture attention, especially if their appearance is abrupt (Lin et al. 2008). Hence, consistency of 
motion and lack of sudden changes are imperative for the motion texture to remain restorative 
and attentionally neutral.
11.6 Anxiolytic Properties of Visual Depth
Visual hierarchy in UIs is often achieved through the use of depth cue overlays, occlusion, and 
blur (e.g., text appears on top of a pop-up box casting a shadow on a blurred underlying back-
ground). In fact, according to Material Design guidelines (2020), depth is considered a primary 
visual attribute responsible for mimicking the real-world physicality of the interface. However, 
depth in this context has little to do with visual depth understood as environmental (ambient) 
spaciousness. Most computer interfaces have little visual depth, and they overwhelmingly feature 
largely impenetrable foreground and/or a “full-bleed” background. Hence, if one of the features 
of the Visual Anxiolytic is that it is different from the digital environment seen on the screen. 
In Visual Anxiolytic, depth (spaciousness) is a visual attribute capable of increasing the valence 
of a screen-based experience just on the basis of its novelty, especially if indicative of increased 
visual complexity (Tinio and Leder 2009). A layered image featuring depth is more likely to be 
perceived as visually complex than a flat visual taking advantage only of a two-dimensional plane. 
Visual Anxiolytics feature moderate to high visual depth. They are vertically and horizontally 
spacious, and are best described as boundless ambient textures; i.e., they are unlikely to feature 
a horizon which is a basic feature of any landscape (Casey 2001). Featuring depth but lacking the 
horizontal division, they are more likely to be seen as open spaces (Casey 2001 referring to Straus 
1963). Since mystery is an important variable for a restorative motion texture, Visual Anxiolytics 
aim to appear as containing more environmental information than visible at a first glance, and 
they can achieve such effect primarily through the use of depth cues color/shading, overlays, and 
occlusion. However, even when taking advantage of mystery to increase its valence, an anxiolytic 
texture at all times has to appear to be spacious. As such, a variable mystery should be kept at a 
moderate level so as not to evoke notions of foreground impenetrability and threat.
Although the blur depth cue is very useful in Visual Anxiolytic, and can aid the designer in 
achieving visual smoothness/softness, it has to be applied carefully. Motion texture featuring 
shallow DOF is likely to isolate a number of elements that might stand out from the remaining 
texture elements, and, therefore, render the texture distracting. Hence, if featuring blur, Visual 
Anxiolytics should aim for moderate to shallow DOF, where multiple layers of elements appear 
in relatively similar levels of focus at once, and where no parts of the image appear more import-
ant than the other.
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11.7 Location, Composition, and Implementation Approaches
(Q.	2.2)	 How	can	a	Visual	Anxiolytic	complement	or	be	a	part	of	the	user	interface?
Where exactly is the Visual Anxiolytic visualized? What part of the interface does it take up? 
Does it share the screen with the task-relevant UI, or uses its own ambient display/projection? 
While these questions are highly relevant to the process of implementation of Visual Anxiolytics, 
they are, however, entirely case specific. They can be influenced by the device properties, display 
type, physical setting, layout of the primary UI, etc. Hence, as far as the scope of this thesis is 
concerned, only general compositional characteristics of the Visual Anxiolytics can be defined. 
However, a number of studies document various approaches to introducing the affective layers 
to the UI, and offer a glimpse into potential implementation scenarios.
Regardless of the displaying technique, a peripheral Visual Anxiolytic aims to change the affec-
tive quality of the digital environment during the state of the immersion in the digital environ-
ment, but never to interfere with the task at hand. Hence, Visual Anxiolytics have been defined as 
ambient visualizations, which means that they exist in the periphery and complement the other 
components of the visual display by introducing an affective layer to the interface. Periphery in 
this context can be understood both as edges of the display, or an area in a close proximity to the 
primary display. Potential Visual Anxiolytic, therefore, can be projected on the screen, utilize its 
own screen, be projected behind the screen or on the walls around the user etc. (Fig. 23).
Affective studies of motion (e.g., Bartram and Nakatani 2010, Vaughan 1997) found that the 
motion texture displayed at the top of the image frame is appraised as more positive in valence 
than on the bottom, and motion appraised as calm concentrated anywhere aside from the bottom 
periphery. Although the horizontal placement also influences the affective quality of the visual 
(right side seen as more positive), prevalence of wide-screen ratios and standardized horizontally 
aligned grid of most UIs which are explored from top to bottom, both support the argument for a 
horizontally balanced anxiolytic composition (Barlow and Reeves 1979, Reber et al. 2014). In other 
words, if the right periphery features a Visual Anxiolytic, so should the left periphery. Further-
more, maintenance of one axis symmetry might have a positive effect on the overall appraisal of 
the experience and its restorative quality; symmetrical compositions are seen as positive and are 
quicker/easier to process.
The first approach to displaying Visual Anxiolytics in the context of the functional UI is that 
of utilizing the margins of the screen or extending the screen with a secondary display. Study 
by Omata et al. (2012) generated affect stimulating animations on a standard flat-screen display 
placed behind a smaller screen with the task-relevant UI. Similarly, in their screen-based ART 
research, Berto et al. (2010) and Bell (2014) both asked users to perform cognitively demanding 
tasks which were layered on top of pictorial representations of restorative and non-restorative 
environments. All three experiments had an intended effect; they positively influenced users’ 
affect, attention restoration, and performance. However, only the study by Omata et al. (2012) 
created a set up which could be used with any on-screen activity (e.g., gaming, information work); 
the remaining ones used the majority of the screen for the restorative image, making the task 
window a much smaller non-sophisticated element. 
Visual Anxiolytics are likely to exist on the intersection of Visual Communication Design and 
Product Design; since ambient/peripheral displays by definition exist “within a physical context” 
(Moere 2007, p. 80), they can embrace various physical characteristics themselves and not be 
limited to regular flat screens. For instance, an experimental project by Roseway et al. (2015) 
utilized a biofeedback simple four-color display in 3D form of a crystal, placed in the periph-
ery. Furthermore, Hamon et al. (2018) designed an ambient display with a tangible interface 
in the form of a flower “in order to convey a sense of well-being” (p. 5), capable of guiding the 
user’s breathing. Both experimental form of a flower and visual breath-guidance contributed 
to increased relaxation of the participants and improved their cognitive performance. A major 
limitation of both mentioned ambient displays is their limited ability to feature detailed visuals; 
since they use only colored light for visual feedback, with no mention of visual affective attributes 
shape, motion, or depth. If to be used for a Visual Anxiolytic, an ambient display (regardless of its 
form) has to be a fully functioning display capable of projecting all of the visual attributes. Design 
of the display form itself could have anxiolytic properties (akin to Hamon et al. 2018) and might 
be influenced by the research in the disciplines of emotional/emotion-driven design and also by 
the very properties of Visual Anxiolytics’ affective visual attributes.
Although examples mentioned thus far integrated the affective layer of the interface as a back-
ground, a Visual Anxiolytic could also exist as a peripheral part/module of the functional inter-
face. Such design approach can be seen in a successful experiment in peripheral paced respiration 
by Moraveji et al. (2011) which introduced an affective biofeedback component, a “semi-trans-
lucent grey bar stretching across the screen” (p. 425). Despite the component appearing as more 
dominant, and often overtaking the primary UI, participants of the study did not find it to be 
distracting and would consider its long-term use. A subsequent study by Moraveji and Soesanto 
(2012) also advocated that embedding naturally calming (pleasant) elements within the very struc-
ture of the UI can warrant a stress-less interaction and eventually render the technology calm. 
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The component approach could be especially useful on a mobile platform due to the limitation in 
screen size; use of affective backgrounds is virtually impossible on portable devices, functional 
interfaces take up the entirety of their displays.
Perhaps a more radical idea is that of adapting the whole interface to the changing affective states 
of the user; a scenario in which the entirety of the UI can be considered an affective layer. Follow-
ing the Adaptive User-Interface Based on User’s Emotion (AUBUE), proposed by Dalvand and 
Kazemifard (2012), in an anxious state, the visual attributes and the layout of the UI could adapt 
the anxiolytic characteristics. Since not adhering to the rule of peripherality, but rather disguis-
ing itself in the functional interface, at face value such transformation could be deemed distrac-
ing. Therefore, consistent layout, shapes, and color coding are necessary to ensure UIs usability, 
otherwise, allowing them to morph over time might result in visual chaos. Subtle changes not 
detrimental to the users’ productivity and not aimed at the core interface features could poten-
tially have a positive effect. However, to date no successful implementation of AUBUE exists, 
making it the least likely method of implementation.
Secondary display Margins of the primary display Anxiolytic interface component
Free-form ambient display Anxiolytic user-interface
VISUAL ANXIOLYTICS
primary display
Fig. 23   Potential location, composition, and implementation approaches for Visual Anxiolytics
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Chapter 12
Limitations and 
Future Research
 
12.1 Prototyping and Testing
It is of utmost importance to test the findings and the visual guidelines proposed in this thesis. 
Although the lack of measurable proof of its findings is the major shortcoming of this thesis, it has 
become apparent to the author that even though test Visual Anxiolytics can be created through the 
means of regular design practices, their study can be potentially extremely complicated. Studies 
of color detailed in this thesis are a good example of how different self-assessed appraisal of stim-
uli can be, and therefore, invaluable and much more conclusive data should be gathered through 
objective measurements of bodily functions. Anxiety is a state of mental turmoil and produces 
physical strain which is largely unique to the individual. Therefore, only measured data can be 
considered sound and objective. Furthermore, both gathering and interpretation of physiological 
data requires expertise which the author lacks, and which would have to be seeked for among the 
professionals in the fields of Neuroscience, Experimental Psychology etc. 
Based on the detailed design guidelines, multiple prototype implementations and testing could 
bring more insight into design of fully functioning Visual Anxiolytics. The following queries 
would be of value to investigate further through applied research:
• Assessment of superiority of implementation method.
• Assessment of superiority compositional arrangement.
• Limits of visual complexity, balancing of visual attributes.
• Establishing the hierarchy of affective visual attributes; determining 
which attributes are most likely to overrule the affective properties of the 
composition.
• Comparative study of displaying methods and technologies.
• Correlation of displaying method, level of immersion, as well as mea-
sured and self-assessed restoration (idea from de Kort et al. 2006).
• Determining technical properties of the affective layer: framarate, resolu-
tion, real-time generating vs. looping, length of a sequence etc.
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The affective quality of a visual can be further customized, and more variables are considered 
when creating a visual experience. Hence, it would be beneficial to better understand the affective 
properties of more affective visual attributes and, more importantly, study their combinations 
and understand how certain attributes can modify the others. The design guidelines could be 
further enhanced by the analysis of patterns, fractal patterns, textures (both natural and abstract), 
as well as non-visual elements such as sound and haptic stimulation.
The idea of peripherality of Visual Anxiolytics derived from the Attention Restoration Theory, 
although correct from the standpoint of a chosen use-case, is also not a monolithic design prin-
ciple. Visual Anxiolytics do not have to be something that is only used as a background, and for 
cognitive enhancement only, but also can be the primary part of a visual experience and even go 
as far as entertainment; Visual Anxiolytics which are experienced in the focal vision could benefit 
from increased immersiveness. Long-term exposure to visual stimulation through the proposed 
affective layer of the interface could lead to that layer becoming ineffective and tiring. Hence, it 
might be that episodic experiencing of the Visual Anxiolytics in the focal vision could be more 
beneficial and, rather than complementing the sedentary screen-based activity, they could offer 
a break from it. Length of the exposure, superiority of either focal and peripheral stimulation, 
and contextual background for the exposure (for instance during work vs. during leisure) could 
be a focus of further research.
12.2 Beyond Anxiety
Affective states, unlike moods, do not persist for long periods of time. Affect can change from 
moment to moment, it is very likely that a user will experience a myriad of affective states during 
screen-based work or leisure activities, therefore, certainly a potential affective layer of the inter-
face should not just possess anxiolytic properties and be considered a calm technology. Rather, 
a fully functioning affective layer should be able to morph and adapt to users’ changing affective 
states. Despite this thesis focusing only on a narrow emotional spectrum, it should be stated that 
the underlying idea behind it is a bigger question; can visual communication design of interfaces 
influence the affective states of users, and subsequently their cognition?
Emotion recognition has been taking leaps in the last few decades, making the premise of empa-
thetic machines much more realistic. Although prominent research (e.g., at MIT Media Lab) has 
been primarily dedicated to emotion recognition, much less though has been put into comput-
er-human direction of emotion communication and elicitation. Technologically advanced and 
hence located primarily in the tech and science driven field, Affective Computing is of great rele-
vance to the field of Visual Communication Design. Defining what exactly needs to be shown to 
communicate/elicit an emotion, can be answered through an interdisciplinary inquiry in which 
VCD can play a central role. Expanding the affective visual “dictionary” and guidelines to include 
all emotional states could be a focus of further inquiry.
From the very beginning, this thesis focused on the affect elicitation through visualization of 
the desired emotional state (calm). However, it is not a foregone conclusion that this is the only 
option. Still adhering to Picard’s (1997) proposal that the computer could communicate a mood 
which would at some point be mirrored by the user, perhaps the affective texture of the interface 
could begin from the current state of the user and slowly cue them into a more positive state. A 
constant emotional feedback could help users to maintain their psychophysical state at a desired 
baseline; unlike the solid surrounding environment and natural environment, the digital envi-
ronment has a potential to bend to users states, and optimize itself as to accommodate the user’s 
current emotional disposition. Observations of the various bio/neurofeedback visualizations of 
one’s emotional state have been shown to decrease anxiety and improve self-awareness, hence, 
the Visual Anxiolytic would likely be most effective if combining real-time bio/neurofeedback 
with affective visual cuing.
Experimentation with emotion visualization through data obtained through bio/neural-sen-
sors could create immersive experiences in which participants can gain valuable insights into 
their mental state. Disorders of affect regulation can often be met with lack of understanding. 
A depressive or anxious state might be experienced in a unique manner by different people, or 
be completely unimaginable to others. Visualizations of affect and emotion can help to exter-
nalize and communicate affective states which might be hard to describe in words to others, or 
confusing to the one who experiences it. If able to visualize emotional states, perhaps it might be 
possible to communicate one’s inner life efficiently, especially if a visualized affective state can 
be contrasted with another person’s emotion visualization. Existing neuro/biofeedback thera-
pies aim to teach patients to interact with gamified visuals through self-regulation of one’s body 
and mind, similarly, it is very likely that a better understanding of one’s emotional state can be 
reached when seeing it, and not only feeling it. For instance, when observing a visualization of a 
current emotional state, the user could observe how their state changes once they control their 
breath, are engaged in physical exercise, take regular breaks and so on. 
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Conclusion
This thesis attempted to search for ground theory and visual guidelines to inform the design of 
screen-based interfaces as to give users aspects of a restorative and anxiolytic environment at a 
time when attention restoration is least likely and anxiety highly probable; i.e., during sedentary 
screen-time. Although pathological anxiety is an affect-regulation disorder that a mere visual 
can not cure, by determining the visual properties of the digital environment, visual commu-
nication designers can influence users’ psychophysiological states through their visual design 
choices. Visual Anxiolytics is a novel term proposed to describe affective visualizations, whose 
affective quality is predetermined and designed to alleviate anxiety and anxious pathology. Visual 
Anxiolytics communicate affect through aesthetic, abstract, ambient emotion visualizations 
existing in the periphery of the screen and users’ vision. Their theory is brought into the field of 
Visual Communication Design from a number of disciplines; primarily Affective Computing, 
Human-Computer Interaction, Psychology, and Neuroscience.
To be considered anxiolytic, a visual needs to allow for a level of immersion which would render 
it a restorative environment; an immersive visual experience of which features and patterns 
encourage effortless observation and are not mentally draining or demanding. A restorative 
visual/environment can restore directed attention and working memory capacity (WMC), effec-
tively improving control over one’s attention, increasing mental bandwidth, and limiting negative 
interpretation biases; all of which anxiety has a detrimental effect on. Furthermore, a visual can 
be considered anxiolytic if it facilitates attentional and cognitive restoration by communicating 
positive affect so as to elicit a positive emotional reaction. By recognizing which affective visual 
attributes and which of their dimensions are anxiolytic (appraised as high in valence and low in 
arousal) designers can create visuals with a predetermined anxiolytic affective quality.
Color, shape, motion, and visual depth have all been recognized as affective visual attributes 
contributing to the affective quality of a visual experience:
• Anxiolytic colors can be of any hue, but are primarily shorter-wavelength 
from the colder spectrum at the medium to low level chroma and medi-
um level of lightness. Anxiolytic palette is harmonious through consis-
tent use of chroma and lightness dimensions.
• Anxiolytic shapes have a low-feature contour, with no random asymme-
try, and they are further characterized by roundness, lack of angularity 
,and are oriented in the upward and rightward direction. Multi-shape 
anxiolytic compositions are asymmetrical, have no discernible central 
axis/point, and feature a limited variability of the individual shapes.
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• Anxiolytic motion is descriptive of medium to high in complexity am-
bient motion textures, made out of multiple individually visible moving 
agents. It is characterized by linear orientation with no compositional 
center, unified upward-right motion direction, low and consistent (but 
not linear) speeds of individual elements and smooth irregular wavy 
motion paths.
• Visual Anxiolytics feature moderate to high visual depth, moderate levels 
of mystery, moderate to high depth of field, and are vertically and hori-
zontally spacious, boundless, and with no perceptible horizon.
The location, composition, and implementation of Visual Anxiolytics is highly device specific. 
Universally they aim to introduce an affective layer to the interface which does not interfere 
with the functional UI. The anxiolytic composition is horizontally balanced, and concentrated 
anywhere except the bottom of the display. When sharing a screen with a task-relevant functional 
interface, Visual Anxiolytics can either utilize margins of the screen, become a module of the 
functional interface, or be descriptive of the entire interface. Otherwise, they can be implemented 
as a secondary screen or a free-form ambient display.
The findings of this thesis, in the form of theory and design guidelines for Visual Anxiolytics, 
could further benefit from extensive prototyping and testing, studying the combinations of affec-
tive visual attributes, understanding how certain attributes can modify other ones, analysis of 
patterns, fractal patterns, textures, non-visual elements (e.g., sound and haptics), and assessment 
of the restorative effects of Visual Anxiolytic when experienced in focal vision. Additionally, 
future research could focus on Visual Anxiolytics as bio/neurofeedback visualizations capable 
of real-time emotional feedback and affect communication; an affective layer of the UI able to 
morph and adapt to users’ changing affective states. Emotion visualization and affect commu-
nication are areas of research which could provide insight into externalization, communication, 
and sharing of affective states, helping to gain valuable insights into one’s own mental state, as 
well as those of other people and entire communities.
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Appendix 1
SAM (Self-Assessment Manikin) Scale.
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Appendix 2
Downward and upward spirals of psychopathology from Garland (2010).
Appendix 3
Converted values of colors used in a study by Suk and Irtel (2010).
CIELCh LIGHTNESS CHROMA HUE COLOR R G B #
30, 30.000, 30.000 30 30 30 99 61 45 633D2D
30, 45.000, 30.000 30 45 30 129 38 38 812626
40, 60.000, 30.000 40 60 30 175 45 49 AF2D31
50, 40.000, 30.000 50 40 30 181 94 97 B55E57
70, 30.000, 30.000 70 30 30 225 153 145 E19991
60, 40.000, 80.000 60 40 80 177 138 74 B18A4A
60, 70.000, 80.000 60 70 80 190 134 0 BE8600
80, 90.000, 80.000 80 90 80 255 185 0 FFB900
80, 60.000, 80.000 80 60 80 247 189 85 F7BD55
80, 40.000, 80.000 80 40 80 235 192 125 EBC07D
30, 30.000, 160.000 30 30 160 10 81 54 0A5136
40, 45.000, 160.000 40 45 160 0 110 68 #006E44
50, 60.000, 160.000 50 60 160 0 140 82 008C52
40, 40.000, 160.000 40 40 160 0 109 71 006D47
70, 20.000, 160.000 70 20 160 138 181 158 8AB59E
30, 20.000, 260.000 30 20 260 39 74 101 274A65
40, 30.000, 260.000 40 30 260 33 99 142 21638E
40, 45.000, 260.000 40 45 260 0 102 167 0066A7
60, 35.000, 260.000 60 35 260 79 151 205 4F97CD
70, 25.000, 260.000 70 25 260 133 175 215 85AFD7
20, 25.000, 320.000 20 25 320 65 38 72 412648
30, 35.000, 320.000 30 35 320 95 56 106 5F386A
40, 40.000, 320.000 40 40 320 123 76 137 7B4C89
50, 30.000, 320.000 50 30 320 143 106 152 8F6A98
70, 20.000, 320.000 70 20 320 189 163 195 BDA3C3
ACHROMATIC
0, 0.000, 0.000 0 0 0 0 0 0 #000000
30, 0.000, 0.000 30 0 0 71 71 71 474747
50, 0.000, 0.000 50 0 0 119 119 119 777777
70, 0.000, 0.000 70 0 0 171 171 171 ABABAB
100, 0.000, 0.000 100 0 0 0 0 0 FFFFFF
WARM GREYS
30, 10.000, 80.000 30 10 80 79 69 56 4F4538
50, 10.000, 80.000 50 10 80 129 117 102 817566
70, 10.000, 80.000 70 10 80 182 169 153 B6A999
COOL GREYS
30, 10.000, 260.000 30 10 260 59 72 86 3B4856
50, 10.000, 260.000 50 10 260 107 121 135 6B7987
70, 10.000, 260.000 70 10 260 158 173 189 9EADBD
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Appendix 4
Converted values of colors used in a study by Wilms and Oberfeld (2018).
CIELCh LIGHTNESS CHROMA HUE COLOR R G B #
Birghtness Saturation
50, 115.500, 289.917 50.00 115.500 289.917 0 110 255 006EFF High High
50, 70.000, 289.917 50.00 70.000 289.917 61 112 232 3D70E8 Medium
49.99, 23.995, 288.771 49.99 23.995 288.771 111 116 157 6F749D Low
34.99, 79.777, 290.490 34.99 79.777 290.490 0 76 205 004CCD Medium High
34.99, 48.636, 291.636 34.99 48.636 291.636 57 77 155 394D9B Medium
34.95, 18.523, 290.490 34.95 18.523 290.490 78 80 110 4E506E Low
19.96, 46.706, 291.636 19.96 46.706 291.636 2 44 113 022C71 Low High
19.89, 28.841, 285.906 19.89 28.841 285.906 28 47 89 1C2F59 Medium
20.10, 10.452, 289.917 20.10 10.452 289.917 46 47 63 2E2F3F Low
50.03, 113.068, 150.688 50.03 113.068 150.688 0 149 0 #009500 High High
50, 69.500, 151.834 50.00 69.500 151.834 0 141 59 008D3B Medium
50.01, 25.005, 149.542 50.01 25.005 149.542 87 128 97 578061 Low
34.90, 79.921, 147.250 34.90 79.921 147.250 0 102 0 #006600 Medium High
34.99, 51.085, 152.407 34.99 51.085 152.407 0 98 42 00622A Medium
34.99, 19.594, 150.688 34.99 19.594 150.688 58 89 67 3A5943 Low
20.19, 47.043, 142.094 20.19 47.043 142.094 0 59 0 #003B00 Low High
19,87, 24.043, 158.709 19.87 24.043 158.709 5 56 35 #053823 Medium
19.91, 7.765, 157.563 19.91 7.765 157.563 39 51 44 27332C Low
50, 115.500, 45.264 50.00 115.500 45.264 246 0 0 F60000 High High
50.01, 71.514, 41.253 50.01 71.514 41.253 211 70 40 D34628 Medium
49.98, 24.490, 40.107 49.98 24.490 40.107 158 106 93 9E6A5D Low
34.98, 82.203, 44.691 34.98 82.203 44.691 170 2 0 AA0200 Medium High
35.02, 42.374, 42.399 35.02 42.374 42.399 136 59 38 883B26 Medium
34.94, 13.627, 37.815 34.94 13.627 37.815 104 76 69 684C45 Low
20.01, 48.424, 42.972 20.01 48.424 42.972 99 16 0 631000 Low High
19.94, 26.121, 23.491 19.94 26.121 23.491 83 32 34 532022 Medium
20.24, 8.703, 26.929 20.24 8.703 26.929 61 44 43 3D2C2B Low
20.13, 1.610, 0.000 20.13 1.610 0.000 51 48 48 333030 Low
35.01, 1.751, 0.000 35.01 1.751 0.000 85 81 82 555152 Medium
49.99, 1.000, 0.000 49.99 1.000 0.000 121 118 119 27332C High
        45.011, 0.410, 0.000 45.011 0.410 0.000 39 51 44 6B6A6A NEUTRAL
Appendix 5
Converted values of colors used in a study by Zieliński (2016).
CIELCh LIGHTNESS CHROMA HUE COLOR R G B #
59, 52.469, 26.008 59.00 52.469 26.008 225 104 104 E16868
69, 29.284, 26.387 69.00 29.284 26.387 220 149 145 DC9591
37, 40.984, 26.086 37.00 40.984 26.086 147 60 61 933C3D
47, 26.800, 25.417 47.00 26.800 25.417 155 95 93 9B5F5D
63, 42.386, 157.001 63.00 42.386 157.001 77 170 122 4DAA7A
73, 24.509, 152.588 73.00 24.509 152.588 143 189 157 8FBD9D
41, 33.669, 158.068 41.00 33.669 158.068 35 108 74 236C4A
49, 21.034, 155.355 49.00 21.034 155.355 86 125 101 567D65
58, 29.277, 249.860 58.00 29.277 249.860 76 146 186 4C92BA
70, 16.150, 238.967 70.00 16.150 238.967 139 177 196 8BB1C4
36, 25.953, 255.835 36.00 25.953 255.835 31 90 125 1F5A7D
47, 14.869, 244.740 47.00 14.869 244.740 84 115 133 547385
74, 59.224, 83.464 74.00 59.224 83.464 224 176 70 E0B046
76, 38.087, 86.531 76.00 38.087 86.531 216 185 118 D8B976
49, 41.743, 78.706 49.00 41.743 78.706 147 109 44 936D2C
54, 30.942, 82.047 54.00 30.942 82.047 153 125 76 997D4C
